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INTRODUCTION 


Authority 


This  report  is  submitted  under  the  provisions  of  the  Act  approved 
June  22,  1936  (i+9  Stat.  1570),  as  amended  and  supplemented  by  the 
Act  approved  June  28,  1938  (52  Stat.  1215)* 

Purpose  and  scope  of  Report 


The  purpose  of  this  report  is  to  outline  a .program  of  runoff  and 
waterflow  retardation  and  soil  erosion  prevention  for  the  Pecos 
River  Watershed  in  New  Mexico  and  Texas,  and  to  present  recommen- 
dations for  installing  and  maintaining  the  program,  together  with 
a comparison  of  its  benefit  and  cost. 

The  Pecos  River,  a tributary  of  the  Rio  Grande,  has  a contributing 
drainage  area  of  33>200  square  miles  (21,2o0,800  acres.)  This 
basin  is  situated  in  eastern  New  Mexico  and  western  Texas  (fig.  1). 

RLCOIISNDATIQNS 

It  is  recommended  that  a program  of  runoff  and  waterflowr  retardation 
and  soil  erosion  prevention  be  installed  during  a 15-year  period  in 
the  Pecos  River  Watershed  in  New  Mexico  and  Texas  at  an  estimated 
cost  of  vl[|5683,800  to  the  Federal  Government,  and  at  an  estimated 
cost  o'f  £'5,Ut2,500  or  its  equivalent  l/  to  local  interests,  making 
an  estimated  cost  of  £20,126,300  for  the  installation  of  the  pro- 
gram. 

The  program  will  be  operated  and  maintained  at  an  estimated  annual 
cost  of  £115,975  to  the  Federal  Government  and  £221,865  or  its 
equivalent  to  local  interests,  making  an  estimated  total  annual 
cost  of  £337,8^0  for  operating  and  maintaining  the  program. 

The  recommended  program  is  designed  to  reduce  floodwater  and  sedi- 
ment damage  and  to  conserve  soil  and  water  resources.  There  are 
interdependent  measures  which  will  accomplish  these  objectives. 

They  are:  stabilizing  and  sediment  control  structures,  diversion 

dikes  and  ditches,  seeding  range  land,  erosion  control  along  roads, 
rodent  control,  adequate  fire  control,  stockwater  facilities, 
fencing,  terracing,  crop  residue  management,  grass  waterways,  land 
leveling,  erosion  control  structures  on  irrigated  land,  tributary 
channel  control,  channel  improvement,  land  acquisition,  and  other 
soil  and  water  conservation  practices  and  measures  applied  in 
proper  combination  with  the  above  listed  measures  which  wall  make 
up  a comprehensive  program  of  soil  and  water  conservation  in 
accordance  with  the  needs  and  capabilities  of  the  land  of-  the 
watershed. 


l/  Labor,  materials,  equipment,  land,  easements,  rights-of-way 
and  other  contributions  in  lieu  of  cash  payments • 


Educational  assistance  and  technical  services  provided  under  this 
program  will  be  synchronized  and  adapted  toward  the  specific  ob- 
jectives of  floodwater  and  sediment  damage  reductions. 

The  Secretary  of  Agriculture,  or  the  head  of  any  other  Federal 
agency  concerned,  may  make  such  modifications  or  substitutions  of 
the  measures  described  in  this  report  as  may  be  deemed  advisable, 
due  to  changed  physical  or  economic  conditions  or  improved  tech- 
niques, whenever  he  determines  that  such  action  will  be  in  further- 
ance of  the  objectives  of  the  recommended  program. 

The  measures  included  in  the  recommended  program  will  be  installed 
on  non-Federal  land  under  cooperative  arrangements  with  state  and 
local  governments,  soil  conservation  districts,  or  other  agencies 
acceptable  to  the  Secretary  of  Agriculture. 

The  ratio  of  the  estimated  average  annual  value  of  the  total  bene- 
fit to  the  estimated  average  annual  value  of  the  total  cost  of  the 
recommended  program  is  3»5  to  1 . l/ 

The  program  herein  recommended  includes  the  intensification,  ac- 
celeration, or  adaptation  of  certain  activities  under  the  current 
programs  of  Federal  agencies  in  the  watershed,  and  additional 
measures  not  now  regularly  carried  out  in  such  programs,  all  of 
which  are  necessary  to  complete  a balanced  runoff  and  waterflow 
retardation  and  erosion  control  program  for  the  watershed.  It  is 
recommended  that  the  Secretary  of  Agriculture  be  authorized  to 
carry  out  all  of  this  program  except  the  part  which  is  proposed 
for  installation  on  land  under  the  jurisdiction  of  a Federal 
agency  other  than  the  Department  of  Agriculture.  It  is  further 
recommended  that  the  head  of  such  other  Federal  agency  be  author- 
ized to  carry  out  the  part  of  the  program  which  is  proposed  for 
installation  on  land  under  the  jurisdiction  of  such  agency.  The 
extent  to  which  the  work  recommended  in  this  program  for  which  the 
Secretary  of  Agriculture  is  to  be  responsible  will  be  carried  out 
under  the  Flood  Control  Act  as  requested  herein  or  under  other 
authorities  will  be  considered  by  the  Secretary  in  requesting 
appropriations  for  the  prosecution  of  the  program.  Although  the 
current  activities  of  Federal  agencies  in  the  watershed  which  are 
primarily  related  to  the  objectives  of  the  Flood  Control  Act  are 
not  included  in  the  program  herein  specifically  recommended,  the 
program  is  based  on  the  continuation  of  such  activities  at  least 
at  their  present  level.  The  extent  to  which  the  practices  and 
measures  included  in  the  recommended  program  may  be  carried  out 
by  the  acceleration,  intensification,  or  adaptation  of  certain 


l/  Comparison  of  benefits  and  costs  based  on  future  price  and 
cost  levels  assumed  to  prevail  under  an  intermediate  level 
of  employment. 
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activities  under  the  current  programs  of  Federal  agencies  in  the 
watershed  will  be  taken  into  account  in  requesting  appropriations 
for  the  prosecution  of  the  program. 

The  Secretary  of  Agriculture  or  the  head  of  any  other  Federal 
agency  concerned  may  construct  such  buildings  and  other  improve- 
ments as  are  needed  to  carry  out  the  measures  included  in  the  re- 
commended program. 

The  authority  of  the  Secretary  of  Agriculture,  or  of  the  head  of 
any  other  Federal  agency  concerned  to  prosecute  the  recommended 
program  shall  be  supplemental  to  all  other  authority  vested  in 
him,  and  nothing  in  this  report  shall  be  construed  to  limit  the 
exercise  of  powers  heretofore  or  hereafter  conferred  on  him  by 
law  to  carry  out  any  of  the  measures  described  herein  or  any  other 
measures  that  are  similar  or  related  to  the  measures  described 
herein. 


DESCRIPTION  OF  WATERSHED 

The  Pecos  River  Watershed  heads  above  Las  Vegas  in  the  mountains 
of  north  central  New  Mexico  and  extends  southward  across  western 
Texas  to  the  Rio  Grande  (fig.  l).  The  watershed  contains  about 
33,200  square  miles  (21,260,800  acres),  of  which  17,300  square 
miles  are  in  New  Mexico  and  15,900  are  in  Texas.  This  is  the 
area  which  contributes  surface  flow  to  the  main  stream. 

The  Pecos  River  basin  lies  in  the  extreme  southwestern  portion 
of  the  Great  Plains.  It  is  bordered  on  the  north  by  the  Sangre 
de  Cristo  Mountain  Range,  on  the  west  by  foothills  and  by 
Jicarilla,  Sierra  Blanca,  Sacramento,  Guadalupe,  Delaware,  and 
Davis  Mountains,  and  on  the  east  by  low  foothills  and  the  "Staked 
Plains."  The  drainage  pattern  is  well  developed.  Streams  in  the 
northern  and  southern  sections  are  deeply  entrenched.  The  dis- 
tinguishing feature  of  the  middle  basin  is  the  large  area  200 
miles  long  and  10  to  30  miles  wide  which  has  nearly  level  or 
gently  sloping  topography.  Elevations  range  from  about  1,000 
feet  at  the  confluence  of  the  Pecos  River  and  Rio  Grande  to 
13,000  feet  in  the  Sangre  de  Cristo  mountains  (fig.  1). 

The  major  tributary  drainages  are  the  Gallinas  River,  Rio  Hondo, 
Rio  Penasco,  and  Tecolote,  Alamogordo,  Cienega  del  Macho,  Toyah 
and  Limpia  Creeks.  Generally,  these  are  intermittent  streams, 
except  in  their  upper  reaches.  The  mountain  sections  of  tribu- 
tary channels  are  deep  and  have  steep  gradients  which  gradually 
flatten  in  the  lower  reaches. 

Shallow  soils  10  inches  or  less  in  depth  occur  on  55  percent  of 
the  watershed;  medium  depth  soils  of  from  10  to  30  inches  occupy 
2 U percent  and  deep  soils  of  over  30  inches  occur  on  21  percent. 
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Generally  the  soils  are  medium  to  heavy  textured.  Short  Grass 
Plains  occupy  32  percent  of  the  watershed.  Desert  Shrub  Grass- 
land 31  percent.  Desert  Grassland  18  percent,  Pinon- Juniper 
Vfoodland  II4.  percent,  and  Coniferous  Timber  5 percent.  Erosion 
is  severe  on  7 percent  of  the  watershed,  moderate  on  59  percent 
and  slight  on  3U  percent. 

U*  S.  Weather  Bureau  records  of  6 to  35  years  show  that  precipi- 
tation ranges  from  10  to  12  inches  in  the  central  valleys  to  35 
inches  or  more  in  the  mountainous  areas.  The  mean  annual  tempera- 
ture ranges  from  69  degrees  F.  at  Del  Rio,  Texas,  to  2+1  degrees 
F.  at  Harvey’s  Ranch  in  the  upper  watershed.  Temperatures  ranging 
up  to  lll+  degrees  F.  have  been  recorded  at  Barstow  and  Fort  Stockton, 
Texas.  A low  temperature  of  minus  J>1  degrees  F.  has  been  recorded 
at  Las  Vegas,  New  Mexico.  The  growing  season  varies  from  155 
frost-free  days  at  Las  Vegas,  New  Mexico  to  277  frost  free  days 
at  Del  Rio,  Texas. 

The  population  of  the  watershed  was  about  150,000  in  192+0 • About 
92,000  persons  resided  in  rural  areas  and  58*000  in  urban  centers. 

The  rural  population  is  concentrated  in  the  upper  tributary  areas 
where  the  size  of  most  of  the  farms  is  less  than  15  acres.  The 
I9U0  census  report  shows  that  67  percent  of  the  population  is  in 
New  Mexico  and  35  percent  in  Texas. 

Ninety-eight  percent  of  the  watershed  is  used  for  grazing  and 
the  remainder  is  cropland.  The  gross  value  of  crops  produced  on 
irrigated  land  in  19J4.8  is  estimated  at  $26,000,000  and  the  gross 
value  of  crops  produced  in  dry-farm  land  is  estimated  at 
$2,200,000.  About  $30*000,000  worth  of  livestock  and  livestock 
products  were  produced  in  I9I48,  and  about  $1,563,000  worth  of 
timber  products  were  harvested  that  year.  Sixty-four  percent  of 
the  land  in  the  watershed  is  privately  owned,  18  percent  State 
owned,  and  18  percent  Federally  owned  or  administered.  All 
Federally  owned  or  administered  land  is  situated  in  New  Mexico. 

This  land  includes  national  forests  (5  percent  of  the  watershed), 
public  domain  (11  percent),  and  Indian  Reservation  (2  percent). 

State  land  is  found  in  both  New  Mexico  and  Texas. 

The  watershed  was  originally  protected  by  a vegetative  cover 
that  retarded  runoff  and  prevented  soil  erosion.  Heavy  grazing, 
particularly  during  the  forepart  of  the  20th  century  and  during 
drought  periods,  has  resulted  in  the  deterioration  of  the  protec- 
tive cover  over  much  of  the  watershed.  Plant  vigor  has  been 
lowered  and  inferior  grasses  and  shrubs  have  invaded  the  range - 
land,  changing  the  composition  of  the  cover  and  reducing  its  ef- 
fectiveness in  retarding  runoff.  This  change  in  range  condition 
has  occurred  particularly  in  the  lower  elevations  where  undesir- 
able brush  has  invaded  large  areas  of  grassland.  Improper  loca- 
tion of  early  roads  and  trails  has  contributed  to  valley  trench- 
ing. As  a result  of  the  change  in  range  condition  runoff  from 
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intense  summer  rainfall  has  been  accelerated  and  sediment  move- 
ment downstream  has  increased.  Topsoil  removed  from  the  water- 
shed by  sheet  and  gully  erosion  and  alluvium  removed  by  valley 
trenching  lodges  in  irrigation  reservoirs,  canals,  and  ditches. 
The  deposition  of  infertile  debris  on  highly  developed  farm 
land  causes  a heavy  loss  in  crop  production.  Streambank  erosion 
is  also  aggravated  by  the  higher  rate  of  runoff  from  watershed 
lands.  Records  show  that  a large  part  of  the  bank  caving  has 
occurred  during  the  past  ^0  years. 

FLOOD  PROBLEMS 


Floods  in  the  Pecos  River  Watershed  damage  crops,  farmland,  ir- 
rigation systems,  towns,  highways,  railroads,  and  utilities. 

During  a 15-year  period,  1932  to  19U7»  twelve  floods  in  the 
watershed  caused  damage  estimated  at  more  than  09*000,000. 

Floods  usually  occur  during  the  season  from  May  to  October  when 
growing  crops  are  subject  to  damage.  A major  item  of  flood 
damage  is  the  loss  of  crops.  General  storms  produce  high  peak 
discharges  in  both  the  main  stream  and  in  tributaries-  Although 
the  high  peak  flows  produced  in  the  tributaries  by  local  storms 
are  reduced  to  non -damaging  proportions  after  reaching  the  main 
stream,  they  transport  considerable  sediment  into  the  main  channel. 

Agricultural  losses  due  to  floods  have  been  confined  largely  to 
damage  to  crops  by  inundation,  loss  of  land  by  streambank  cutting, 
destruction  of  diversion  dams,  and  sedimentation  of  reservoirs. 

Four  reservoirs  located  on  the  main  channel  of  the  Pecos  River 
store  water  for  irrigation  projects  which  serve  about  100,000 
acres  of  land.  The  storage  capacity  of  these  and  other  off- 
channel  reservoirs  is  being  depleted  by  sediment.  Sufficient 
storage  capacity  was  provided  in  the  major  reservoirs  to  meet  ir- 
rigation requirements  of  more  than  one  year  because  of  the  need 
of  carrying  over  a water  supply  into  years  of  low  flow.  The 
capacity  depletion  results  in  increasing  water  losses  by  causing 
spills  when  stream  flow  is  high.  Sediment  accumulation  shortens 
the  useful  life  of  the  reservoirs  and  thus  adds  to  the  cost  of 
operating  irrigation  projects.  Operation  costs  are  increased  by 
the  expense  of  cleaning  irrigation  canals  and  ditches.  Sediment 
accumulation  on  farmland  results  in  expensive  removal  or  land 
leveling  operations. 

Other  kinds  of  flood  damage  are  the  destruction  of  homes,  personal 
property,  farm  and  ranch  improvements,  machinery  and  equipment, 
loss  of  livestock,  loss  of  life  (23  persons  perished  during  the 
19Ul  floods),  loss  of  business,  and  less  water  for  irrigation. 


Table  1 shows  the  monetary  evaluation  of  the  average  annual  flood- 
water  and  sediment  damage  in  the  Pecos  River  Watershed. 

Table  1 

ESTIMATED  AVERAGE  AENUAL  MONETARY 
DAMAGES  IN  THE  PECOS  RIVER  WATERSHED 


Type  of  Damage 

Average  Annual  Damages 
( 194-8  Prices) 

Floodwater 

(Dollars) 

Agricultural  - cropland,  irrigation  systems 
Nonagricultural  - urban  and  public  utility 

Sub -total 


U54,900 

100,500 

~ 555,200 


S ediment 


Reservoir  sedimentation 


Sub-total 


577,800 

577,800 


TOTAL  AVERAGE  ANNUAL  DAMAGE 


955,000 


ACTIVITIES  RELATED  T'0  FLOOD  CONTROL 


Department  of  the  Army,  Corps  of  Engineers. — The  Corps  of 
Engineers  is  conducting  a general  flood  control  survey  in  the 
watershed.  Recommendations  contained  herein  have  been  correlated 
with  the  contemplated  program  of  the  Corps  of  Engineers  in  order 
to  provide  the  most  complete  flood  protection  that  is  feasible. 
Particular  attention  has  been  given  to  the  evaluation  of  program 
recommendations  to  avoid  duplicating  benefits  credited  to  works 
of  improvement  under  consideration  by  the  Corps  of  Engineers. 

Department  of  Interior. — The  Bureau  of  Land  Management  administers 
more  than  2 million  acres  of  public  domain  grazing  land  within  the 
Pecos  River  Watershed  in  New  Mexico,  pursuant  to  the  Taylor  Grazing 
Act  of  I95J4.  (There  exists  no  public  domain  in  the  State  of  Texas.) 
Most  of  this  public  domain  lies  within  an  established  Grazing  Dis- 
trict, with  headquarters  at  Roswell.  The  bulk  of  the  remainder 
occurs  in  a widely  dispersed  pattern  in  the  watershed  above  Ft. 
Sumner.  BLM1 s contribution  to  land  and  water  conservation  on  the 
watershed  consists  principally  of  improved  range  management.  How- 
ever, in  addition,  it  controls  range  fires,  installs  needed  range 
improvements  and  carries  on  a limited  amount  of  strictly  soil  and 
moisture  conservation  operations.  All  of  the  foregoing  either 
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directly  or  indirectly  improve  watershed  conditions  and  aid  in 
flood  control. 

The  Bureau  of  Reclamation  has  a soil  and  moisture  conservation 
program  in  progress  on  its  lands  situated  above  Alamogordo  Re- 
servoir, Operations  on  this  area  are  being  coordinated  with  other 
land  treatment  measures  and  with  plans  for  conservation  work  on 
privately  owned  land.  The  Bureau  and  the  Carlsbad  Irrigation 
District  are  testing  methods  of  eradicating  salt  cedar  from  the 
sediment  delta  above  Lake  McMillan.  This  project  includes  studies 
of  water  saving  in  the  area,  of  rate  of  sediment  accumulation  on 
the  delta,  and  of  the  establishment  of  useful  vegetation  on  the 
site.  Results  of  the  investigations  will  be  used  in  estimating 
the  effectiveness  of  a channel  through  the  delta  as  a water  saving 
measure,  which  is  being  considered  by  the  Carlsbad  Irrigation  Dis- 
trict. 

The  Bureau  of  Indian  Affairs  administers  the  Mescalero-Apache 
Indian  Reservation,  which  has  a land  area  of  29U*000  acres  in 
the  Pecos  River  Watershed.  Soil  conservation  and  management 
practices  being  carried  out  on  the  Reservation  are  aiding  in  the 
reduction  of  floodwater  and  sediment  damages. 

The  Fish  and  Wildlife  Service  directs  rodent  control  work  in  the 
watershed  in  cooperation  with  appropriate  state  and  local  agencies. 
This  work  aids  in  improving  the  vegetative  cover  of  the  watershed. 

The  Rational  Park  Service  administers  1*9 >7U2  acres  in  the  Carlsbad 
Caverns  Rational  Park.  Management,  revegetation,  and  structural 
measures  are  being  carried  out  in  the  Park  to  perpetuate  its 
scenic  and  recreational  value  and  at  the  same  time  aids  in  flood 
control. 

The  current  annual  cost  of  the  activities  related  to  flood  control 
which  are  directed  by  the  Department  of  the  Interior  is  estimated 
at  £144,000. 

Department  of  Agriculture. — The  Forest  Service  administers 
1, 157*120  acres  of  Federal  lands  which  form  the  headwaters  of  the 
Pecos  River  and  its  tributaries  . These  lands  are  a part  of  the 
Cibola,  the  Lincoln,  and  the  Santa  Fe  Rational  Forests.  These 
national  forests  were  established  for  the  primary  purpose  of 
promoting  watershed  protection  and  their  management  has  stressed 
the  control  of  fire  and  destructive  insects,  and  the  regulation  of 
livestock  use  and  logging  operations.  Current  activities  also  in- 
clude range  reseeding,  road  construction  and  maintenance,  rodent 
control,  construction  of  range  fences  and  water  developments.  Re- 
creation and  other  public  uses  of  these  lands  are  also  supervised 
and  regulated  in  the  interest  of  watershed  protection. 


The  Soil  Conservation  Service  assists  25  soil  conservation  dis- 
tricts within  the  watershed  in  the  planning  and  application  of 
effective  programs  of  soil  and  water  conservation  on  private 
and  state  land.  Certain  measures  and  practices  applied  under 
district  programs  contribute  to  runoff  retardation  and  soil 
erosion  prevention.  These  include  revegetation,  contour  furrow- 
ing, terracing,  land  leveling,  crop  residue  management  and 
structures  such  as  diversions,  dams,  and  dikes. 

The  Production  and  Marketing  Administration  makes  direct  aids 
available  to  farmers  and  ranchers  who  participate  in  the  Agricul- 
tural Conservation  Program  to  cover  a portion  of  the  cost  of  es- 
tablishing approved  conservation  practices.  These  direct  aids 
are  helping  with  the  installation  of  such  measures  as  terracing, 
leveling,  crop  residue  management,  grass  seeding,  contour  furrow- 
ing, construction  of  dams  and  dikes,  all  of  which  will  reduce  run- 
off and  sediment  from  the  land  treated. 

The  Extension  Service  cooperates  with  the  states,  Texas  and  New 
Mexico,  in  performing  its  function  of  conservation  education. 

A part  of  its  educational  program  in  rural  areas  throughout  the 
watershed  encourages  and  aids  the  application  of  practices  and 
measures  considered  necessary  to  achieve  flood  control  objectives. 

The  Farmers  Home  Administration  furnishes  financial  and  technical 
assistance  to  farmers  and  ranchers  for  the  purpose  of  making  im- 
provements to  their  land  which  will  conserve  moisture  and  prevent 
erosion.  Some  of  the  measures  which  are  carried  out  under  this 
program  contribute  to  flood  control  objectives. 

The  annual  cost  of  the  current  activities  of  the  Department  of 
Agriculture  in  the  watershed  which  are  related  to  flood  control 
is  estimated  at  .SI4I3 j^OO. 

Municipalities  and  States. — Roswell,  New  Mexico  and  Pecos,  Texas, 
have  done  some  flood-protection  work  which  reduces  floodwater  dam- 
age in  these  communities. 

Twenty-five  soil  conservation  districts  have  been  organized  under 
state  law  in  the  Pecos  River  Watershed.  Landowners  have  developed 
a conservation  program  for  the  land  within  the  districts  and  in- 
dividual farm  and  ranch  plans  have  been  developed  for  many  units. 
Many  measures  being  applied  are  improving  watershed  conditions  and 
contribute  to  flood  control  objectives. 

RECOMMENDED  PROGRAM 

The  program  for  runoff  and  waterflow  retardation  and  soil  erosion 
prevention  herein  recommended  was  developed  in  part  from  studies 
of  sample  areas  which  are  representative  of  conditions  throughout 
the  watershed  and  in  part  through  consultation  with  Federal,  state 


-9- 


and  local  agencies  having  an  interest  in  program  objectives. 
Present  conditions  of  the  sample  areas  were  examined  in  detail 
to  determine  floodwater  and  sediment  damages  and  the  kinds  and 
amounts  of  practices  and  measures  required  for  the  most  effec- 
tive treatment  to  reduce  the  damages.  The  data  obtained  by  the 
sampling  procedure  were  applied  to  similar  areas  in  the  watershed 
as  a basis  for  planning  and  recommending  the  proper  combination 
of  measures  needed  to  accomplish  flood  control  objectives. 

The  recommended  program  will  substantially  reduce  floodwater  and 
sediment  damage  and  will  improve  the  productivity  of  watershed 
lands.  Watershed  treatment  measures  are  designed  to  improve 
vegetative  cover  which  will  improve  soil  characteristics  and 
thereby  increase  the  infiltration  rate  of  rainfall  into  the  soil, 
decrease  surface  runoff  and  control  the  water  that  runs  off  so 
that  it  does  a minimum  of  damage  on  its  way  into  the  rivers  and 
waterways . By  retarding  the  rate  of  runoff  and  reducing  the  loss 
of  soil  by  erosion,  the  program  provides  direct  benefits  in  the 
reduction  of  damages  caused  by  floodwaters  and  sediment.  Measures 
carried  out  will  be  adapted  wherever  possible  to  improve  wildlife 
resources  in  addition  to  serving  their  primary  purposes. 

The  program  is  planned  for  completion  during  a period  of  15  years. 
Watershed  treatment  measures  will  be  installed,  operated,  and 
maintained  on  privately  owned  land  by  landowners  and  operators. 

The  recommended  program  consists  of  the  following  interrelated 
measures.  The  approximate  number  of  each  of  these  measures  is 
shown  in  Table  2. 

Stabilizing  and  sediment  control  structures. — Eroding  gullies  on 
range  and  forest  land  are  the  source  of  much  of  the  sediment  which 
damages  downstream  areas.  Water  quickly  collects  in  the  gullies 
during  storms,  and  runoff  end  erosion  are  accelerated.  Stabiliz- 
ing structures  will  be  installed  in  the  active  gullies  to  retard 
waterflow  and  prevent  additional  trenching.  When  the  site  is 
stabilized,  vegetation  will  become  established,  thus  completing 
the  protection  to  the  treated  areas  and  furnishing  more  forage 
for  livestock.  It  is  estimated  that  28,500  structures  are  need- 
ed to  stabilize  the  areas  where  gullies  are  so  critical  that 
structural  treatment  is  the  only  effective  treatment.  The  less 
severely  eroded  areas  will  be  stabilized  by  improved  vegetation 
which  will  result  from  proper  range  management. 

Range  improvement. — The  improvement  of  vegetative  cover  on  10 
million  acres  of  range  and  forest  land  is  one  of  the  most  im- 
portant phases  of  the  recommended  program.  Changes  which  are 
expected  in  range  and  forest  conditions  will  retard  runoff,  re- 
duce rates  of  erosion  and  sediment  production,  and  increase  forage 
production.  Most  of  the  rehabilitation  of  watershed  lands  will  be 
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accomplished  by  natural  processes  of  revegetation  under  proper 
management.  Critical  areas  will  receive  additional  treatment. 

The  range  land  that  is  depleted  will  be  seeded  to  grass  where 
favorable  sites  exist  or  are  developed.  Out  of  the  total  area 
within  the  watershed  which  needs  reseeding,  an  estimated  132,000 
acres  are  adapted  to  this  treatment,  including  some  cultivated 
land  which  is  not  suited  to  crop  production.  All  seeded  areas 
will  be  protected  from  grazing  use  until  the  grass  is  established. 

Additional  stockwater  facilities  are  needed  for  better  distribu- 
tion of  livestock.  These  facilities  will  permit  the  use  of  lands 
which  can  only  be  partially  utilized  until  water  is  supplied  and 
will  alleviate  concentration  of  use  which  occurs  now  in  some 
localities.  It  is  estimated  that  113  units,  consisting  of  wells 
and  stock  ponds,  should  be  installed  under  the  program  recommended 
herein. 

More  fences  are  needed  to  obtain  better  distribution  of  livestock 
and  thus  aid  in  the  improvement  of  vegetation.  The  amount  of 
fencing  needed  to  carry  out  the  range  management  phase  of  the 
program  is  estimated  at  685  miles.  An  area  of  approximately 
378*125  acres  in  the  watershed  needs  rodent  control, v/ork  to  as- 
sist with  the  establishment  of  vegetative  cover  and  to  maintain  . 
it. 

Road  erosion  control. — Accelerated  runoff  along  roadsides  which 
are  not  protected  by  vegetation  or  structures  results  in  serious 
erosion  and  the  development  of  gullies.  Water  disposal  systems 
will  be  installed  at  suitable  sites  along  the  2,225  miles  of 
roads  recommended  for  treatment.  Other  measures  include  retard 
structures  and  vegetative  treatment. 

Diversion  dikes  and  ditches. — The  installation  of  diversion  struc- 
tures on  rangeland  will  divert  runoff  from  channels  to  prevent 
rapid  water  concentration.  Waterways  which  are  being  trenched  or 
destroyed  by  head-cuts  will  be  protected  by  a diversion  dike  and 
a system  of  ditches.  Diversions  will  be  installed  above  cultivated 
fields  so  that  runoff  can  be  carried  away  without  damage  to  lands 
situated  below  the  structures.  It  is  estimated  that  2,729  miles 
of  diversion  dikes  and  ditches  need  to  be  installed  on  the  water- 
shed. Approximately  I4.I5  miles  are  needed  on  range  land,  1,011]. 
miles  on  dry-farm  land,  and  1,500  miles  to  protect  irrigated  land. 

Work  roads. — To  install  measures  in  inaccessible  areas  of  Federal 
lands,  it  will  be  necessary  to  construct  approximately  30  miles 
of  work  roads • 

Fire  control. — More  complete  fire  control  facilities  are  recom- 
mended for  3>870,000  acres  of  range  and  forest  land.  The  improve- 
ments proposed  will  prevent  many  fires  and  will  speed  up  the 
suppression  of  fires  when  they  occur,  thus  reducing  the  areas  of 
grass  and  timberland  destroyed.  Fire  control  measures  will  con- 
tribute to  the  maintenance  of  good  watershed  conditions. 
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Land  acquisition . --Federal  acquisition  of  60,000  acres  of  pri- 
vate lands  within  and  adjacent  to  national  forests  which  are 
critical  flood  and  sediment  source  areas  is  recommended  for 
watershed  protection.  Because  of  the  poor  quality  of  the  land 
and  its  low  financial  returns,  the  lands  involved  are  not  proper- 
ly managed  for  watershed  protection  and  timber  production.  The 
acquisition  of  these  lands  will  facilitate  the  application  of 
conservation  measures  and  proper  management  needed  to  bring  about 
an  improvement  in  cover  conditions. 

Terracing* — -Terraces  will  be  installed  on  dry-farm  land  to  con- 
trol  runoff  and  reduce  soil  erosion  on  cultivated  fields.  Approx- 
imately 2,755  miles  of  terraces  are  recommended  for  the  sloping 
lands  that  are  the  source  of  damaging  runoff  and  sediment  under 
present  conditions* 

Crop  residue  management. — The  proper  use  of  crop  residue  to  pro- 
vide  conditions  favorable  for  higher  infiltration  rates  is  recom- 
mended for  2l4.,000  acres  of  non-irrigated  cropland.  The  crop 
residue  will  retard  runoff  and  reduce  erosion  on  the  areas  treated. 

Grass  waterways. — Grass  waterways  will  be  developed  in  natural 
water  courses  to  provide  a disposal  system  for  excess  water  from 
farm  land.  The  grassed  strips  will  extend  through  cultivated  fields 
and  beyond  them  to  carry  runoff  into  channels  without  damage. 

The  amount  of  waterways  needed  to  protect  farm  land  is  estimated 
at  2,050  acres. 

Land  leveling.- — In  the  upper  reaches  of  the  Pecos  River  and  its 
principal  tributaries  a large  area  of  land  is  irrigated  by  divert- 
ing water  from  streams.  Most  of  the  land  has  considerable  slope 
and  soil  erosion  is  a serious  problem,  making  the  irrigated  fields 
an  important  source  of  sediment.  It  is  recommended  that  1+5,000 
acres  of  the  irrigated  land  be  leveled  to  reduce  erosion  and  im- 
prove water  use. 

Erosion  control  structures . — In  order  to  control  the  application  of 
irrigation  water  on  the  land  recommended  for  leveling  and  to  dis- 
pose of  excess  water,  it  is  recommended  that  about  500  erosion 
control  structures  be  installed. 

Channel  improvement. — It  is  recommended  that  about  2.5  miles  of 
stream  channel  be  improved  by  straightening,  enlarging,  and  sta- 
bilizing, so  that  the  flow  of  floodwater  through  high  damage  areas 
can  be  regulated. 

Stream  bank  protection. — Approximately  1+5*5  miles  of  stream  bank 
along  the  main  stream  and  its  important  tributaries  need  to  be 
protected  to  prevent  bank  cutting.  The  protective  measures  are 
designed  to  prevent  the  loss  of  highly  developed  irrigated  land. 

The  reduction  in  land  losses  will  lower  the  rate  at  which  reser- 
voirs are  filling  writh  sediment* 
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Floodway  systems. — Lands  in  tributary  watersheds  which  have  been 
developed  for  irrigation  will  be  protected  from  overflow  damage 
by  floodway  systems.  Flood  flows  will  be  routed  through  the  farm 
land  by  means  of  protective  dikes  to  prevent  overflew,  and  deten- 
tion structures  may  be  used  to  reduce  the  discharge.  The  flood- 
way will  protect  crops  from  inundation  and  will  prevent  the 
deposition  of  infertile  material  on  farm  land.  It  is  estimated 
that  1I4  miles  of  Floodways  are  needed  to  protect  irrigated  land 
in  the  tributary  areas. 

Detention  structure . --In  order  to  reduce  floodwater  damage  to 
high  value  irrigated  farmland  along  the  Rio  Bonita  and  the  Rio 
Hondo,  it  is  recommended  that  a detention  structure  be  construc- 
ted on  Salado  Creek,  a tributary  to  Rio  Bonita.  The  proposed 
Capitan  floodwater  detention  structure  is  designed  to  control 
floods  of  100-year  frequency  from  Salado  Creek.  An  ungated  out- 
let will  gradually  release  water  so  that  damage  will  be  reduced 
downstream. 

Salt  cedar  eradication  and  control. — The  elimination  of  the  salt 
cedar  growth  on  the  II4, 000-acre  delta  area  above  Lake  McMillan 
will  salvage  a substantial  amount  of  water  for  beneficial  use. 

It  is  recommended  that  the  salt  cedar  be  eradicated  and  that 
adapted  grasses  and  other  vegetation  that  will  use  less  water 
than  salt  cedar  be  established  on  the  area. 

Other  conservation  practices  and  measures .--Additional  soil  and 
water  conservation  practices  and  measures  will  be  applied  as  need- 
ed for  a complete  conservation  program  to  meet  the  needs  and  capa- 
bilities of  the  land  of  the  watershed. 

The  quantities  of  measures  included  in  the  recommended  program 
are  based  on  the  total  watershed  needs  less  the  estimated  accom- 
plishments under  "going"  programs  over  a 15-year  period.  The 
income  of  farm  and  woodland  operators  is  expected  to  increase 
materially  as  the  recommended  program  is  installed  and  becomes 
effective.  No  major  changes  in  the  acreages  of  crops  are 
anticipated . 

Educational  assistance . --Additional  educational  assistance  is 
recommended  to  inform  landowners  and  operators  about  the  need  of 
the  recommended  program,  its  purposes  and  objectives,  and  ho w 
the  services  available  through  action  agencies  can  be  secured  to 
help  establish  the  recommended  program.  Through  the  educational 
activities,  land  operators  will  be  trained  in  the  methods  of 
installing  land  treatment  measures  which  do  not  require  techni- 
cians to  design  them  and  supervise  their  installation.  Education- 
al efforts  will  be  intensified  to  develop  widespread  interest  in 
the  recommended  program  and  to  speed  up  the  rate  at  which  measures 
are  applied. 
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Technical  services .--Technical  services  will  be  furnished  to 
help  plan  and  apply  an  effective  program  of  soil  and  water  con- 
servation on  watershed  lands. 

Direct  aids. — A portion  of  the  cost  of  establishing  certain  land 
treatment  measures  on  non-Federal  lands  will  be  provided  in  the 
form  of  direct  aids . 

Program  evaluation  .—Investigations  and  studies  of  program  in- 
stallations  will  be  conducted  in  selected  subwatersheds  to  deter- 
mine their  effectiveness  and  adequacy  for  runoff  and  waterflow  re- 
tardation and  soil  erosion  prevention.  The  evaluation  of  the  pro- 
gram may  indicate  changes  needed  in  the  application  of  land  treat- 
ment measures  to  make  them  more  effective  in  reducing  floodwater 
and  sediment  damages. 


COST  OF  THE  RECOMMENDED  PROGRAM 

The  estimated  cost  of  installing  the  recommended  program  in  the 
Pecos  River  Watershed  is  $20,126,300.  Of  this  cost,  it  is  esti- 
mated that  the  Federal  Government  will  expend  §ll|.,683 ,800;  non- 
Federal  public  agencies,  $368,000;  and  private  interests 

The  total  cost  of  the  recommended  program  and  the 
sharing  of  responsibility  for  installation  are  based  on  exper- 
ience with  land  operators  in  the  application  of  measures  and 
practices  similar  to  those  herein  recommended • 

Federal  participation  will  include  educational  assistance,  tech- 
nical services,  materials,  planting  stock,  special  equipment,  and 
direct  aids  where  appropriate  and  needed  to  assist  with  the  installa- 
tion and  maintenance  of  the  recommended  practices  and  measures. 

The  cost  and  the  responsibility  for  the  installation  of  any  phase 
of  the  recommended  program  herein  assigned  to  the  Federal  Govern- 
ment may  be  assumed  by  state  governments  or  responsible  local 
agencies  or  governments.  State  and  local  agencies  will  be  urged 
to  participate  in  the  program  to  the  fullest  extent  possible  thus 
sharing  the  cost  in  proportion  to  the  benefits  that  will  accrue 
to  them. 

The  estimated  average  annual  cost  of  operating  and  maintaining 
the  recommended  program  is  estimated  at  $337 ,8l|.0.  Of  this  amount, 
the  Federal  Government  will  expend  $115*975;  non-Federal  public 
agencies,  §1+7*730*  and  private  interests,  $17l+*135 • The  Federal 
Government  will  provide  l)maintenance  of  measures  which  it  has 
installed,  from  the  time  of  completion  of  such  measures  to  the 
time  of  transfer  to  a local  agency  for  operation;  2)  operation 
and  maintenance  of  measures  inst^ll^d  on  land  owned  and  land  ac- 
quired by  the  Federal  Government;  3)  one-half  the  cost  of  main- 
taining adequate  fire  control  on  non-f ederally  owned  woodland. 
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and  1+)  one-half  the  cost  of  educational  assistance  and  one-half 
the  cost  of  technical  services  on  non-f ederally  owned  woodland, 
Non-Federal  public  agencies  will  besr  one-half  the  cost  of  educa- 
tional assistance  and  one-half  the  cost  of  technical  services  on 
non-f ederally  owned  woodland. 

The  estimated  cost  of  installing  the  recommended  program  in  the 
Pecos  River  Watershed  is  shown  in  Table  2. 

Table  2 

ESTIMATED  COST  OF  INSTALLING  THE  RECOMMENDED 
PROGRAM  IN  THE  PECOS  RIVER  WATERSHED 


Approximate 

Cost 

Item 

Dnit 

Number 

(I9U8  Prices) 

•Stabilizing  and  Sediment 
Control  Structures 
Range  Improvement 

a.  Grass  Seeding  ■ 

b.  Stockwater  facilities 

c.  Fencing 
Rodent  C ontr ol  , 

.Road  Erosion  Control' 
Diversion  Dikes  and  Ditches 
Work  Roads 
Fire  Control 
Land  Acquisition  - 
Terracing 

<^Trop  Residue  Management 
Grass  Waterways 
i^X^and  Leveling 
Erosion  Control  Structures 
Channel  Improvement 
JStreambank  protection 
/Floodway  Systems 
A Detention  Structures 
/ Salt  Cedar  Eradication 
V and  Control 

TOTAL 


each 

28,500 

6,665,000 

acre 

182,000 

2,522,000 

each 

115 

527,000 

mile 

685 

585,000 

acre 

378,125 

17L000 

mile 

2,225 

291,000 

mile 

2,729 

573,000 

mile 

30 

15,500 

acre 

5,870,000 

781,000 

acre 

60,000 

3914,000 

mile 

2,755 

517,000 

acre 

2l+,000 

55,000 

acre 

2,050 

119,000 

acre 

1+5,  ooo 

5,559,000 

each 

500 

1+92,800 

mile 

2. 

5 173,000 

mile 

1+5  ‘ 

5 1,107,000 

mile 

lU 

525,000 

each 

1 

1+05,000 

acre 

1 >1,000 

1,050,000 

20,126,500 

The  costs  of  technical  services,  educational  assistance,  program 
evaluation,  and  administration  of  direct  aids  are  included  and 
make  up  22.8  percent  of  the  total  cost'  of  the  recommended  program. 
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BE EEF ITS  FROM  THE  RECOMMENDED  PROGRAM 


The  principal  monetary  benefits  that  will  result  from  carrying 
out  the  recommended  program  are  reductions  in  floodwater  damage, 
reductions  in  sediment  damages,,  increased  forage,  timber,  and 
crop  production,  and  an  increased  water  supply. 

Benefits  from  Reduction  in  Floodwrater  Damage. 

The  recommended  program  will  reduce  the  damage  caused  by  small 
floods  which  occur  most  frequently,  by  90  percent.  There  will  be 
a reduction  in  peak  flows  and  damages  caused  by  larger,  infrequent 
floods,  but  the  effect  of  the  program  will  be  less  than  in  the 
case  of  the  small  flood.  Most  of  the  floodwater  reduction  bene- 
fits will  accrue  to  agricultural  interests  in  the  highly  develop- 
ed irrigated  areas  in  the  Pecos  River  Watershed.  Deposition  of 
infertile  material  on  cropland  and  loss  of  farm  land  by  streambank 
erosion  will  be  reduced  by  land  treatment  measures  which  will  re- 
duce flood  peaks  and  by  streambank  stabilization  work.  Agricul- 
tural benefits  account  for  about  three-fourths  of  the  floodwater 
reduction  benefits.  The  remaining  floodwater  reduction  benefits 
will  accrue  to  urban  areas,  roads,  railroads,  and  to  public 
utilities.  It  is  estimated  that  the  recommended  program,  when 
properly  installed  and  adequately  maintained,  will  reduce  flood- 
water  damages  about  5 0 percent. 

Benefits  from  Reduction  in  Sedimentation. 


The  chief  benefit  which  will  result  from  a lower  rate  of  sediment 
production  on  the  watershed  as  a result  of  the  recommended  program 
will  accrue  to  irrigation  interests.  Lower  sedimentation  rates  in 
the  storage  reservoirs  of  irrigation  companies  will  extend  the  use- 
ful life  of  the  facilities  and  greater  capacities  will  be  available 
to  carry  over  water  supplies.  The  average  annual  damage  to  reser- 
voirs by  sediment  is  expected  to  be  reduced  by  an  estimated  23 
percent . 

Benefits  from  increased  forage,  timber,  and  crop  production. 


Increased  forage  oroducticn  which  will  result  from  land  treatment 
measures  on  range  land  makes  up  most  of  the  conservation  benefits 
of  the  program.  The  predominant  use  of  watershed  land  is  live- 
stock grazing.  It  is  estimated  that  forage  production  on  10 
million  acres  of  range  land  can  be  increased  by  14.17,000  tons  an- 
nually by  proper  range  management  and  other  recommended  land 
treatment  measures.  Reseeding  of  depleted  range  land  and 
abandoned  crop  land  will  increase  forage  production  by  an  addi- 
tional 55*000  tons  annually.  Measures  recommended  for  farm  land 
will  conserve  soil  and  moisture  and  will  result  in  greater  crop 
yields.  The  program  of  watershed  management  will  increase  tim- 
ber production  by  a more  adequate  system  of  fire  control. 
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Conservation  benefits  accruing  to  watershed  lends  as  a result 
of  the  recommended  program  are  estimated  to  be  90  percent  of  the 
total  benefits. 

The  benefit  which  will  result  from  the  eradication  of  salt  cedar 

is  a saving  of  irrigation  water  estimated  to  be  12,000  ac.ft.  annually. 

Intangible  benefits  were  not  assigned  a monetary  value.  Hence 
important  benefits  are  not  included  in  the  table  of  benefits. 

Some  of  these  are  the  prevention  of  loss  of  human  life  by  reduc- 
ing the  destructiveness  of  flash  floods  which  overtake  occupied 
areas  before  they  can  be  evacuated.  A reduction  in  the  frequency 
of  flooding  will  prevent  the  development  of  unsanitary  conditions 
which  are  hazards  to  health.  Elimination  of  much  of  the  inunda- 
tion by  small  floods  and  a reduction  in  the  depth  of  inundation 
by  floods  of  greater  magnitude  will  reduce  the  occurrence  of 
costly  detours  or  delays  in  transportation  services,  and  inter- 
ruption in  business  activities.  Improvements  of  vegetative  cover 
throughout  the  watershed  which  will  hold  and  build  soil  will  also 
provide  food  and  cover  for  wildlife.  These  improvements  will  also 
increase  the  values  of  the  watershed  for  recreational  uses  such  as 
camping,  picnicking,  and  hunting. 

The  estimated  average  annual  benefits  resulting  from  the  recom- 
mended program  for  the  Pecos  River  Watershed  are  shown  in  Table  3» 
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Table  5 

ESTIMATED  AVERAGE  ANNUAL  MONETARY  BENEFIT  FROM  THE 
PROGRAM  RECOMMENDED  FOR  THE  FECOS  RIVER  WATERSHED 


Source 

Average  Annual  Benefit 
(191*8  Prices) 

Dollars 

Reduction  of  Floodwater  Damage  : 

Agricultural  - Cropland,  irriga- 
tion systems 

221,800 

Nonagricultural  - Urban  and 
Public  Utility 

1*8,700 

Subtotal 

270^00 

Reduction  of  Sediment  Damage  : 

Reservoir  Sedimentation 

89,200 

Subtotal 

89,200 

Other  Benefits  : 

Increased  Water  Yield 

189,000 

Conservation  Benefits  l/ 

5,006,500 

Subtotal 

5,195,500 

TOTAL  AVERAGE  ANNUAL  BENEFIT 

5,555,200 

l/  The  benefit  which  accrues  to  the  owners  and  operators  of  the 
land  on  which  the  recommended  measures  are  installed. 
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COMPARISON  OF  BENEFITS  AND  COSTS 

A comparison  of  the  benefits  anticipated  to  accrue  from  carrying 
out  the  recommended  practices  and  measures  with  the  probable  costs 
thereof  has  been  made  by  converting  both  benefit  and  cost  esti- 
mates to  average  annual  values. 

Because  prices  will  vary  during  the  installation  period,  compari- 
sons of  the  estimated  average  annual  benefits  and  costs  have  been 
made  on  the  basis  of  price  and  cost  levels  assumed  to  prevail 
under  an  intermediate  level  of  employment.  A 2 *>  percent  interest 
rate  was  used  to  convert  total  Federal  and  non-Federal  public  costs 
to  an  average  annual  equivalent  cost,  and  a I4.  percent  interest  rate 
was  used  to  convert  total  private  installation  costs  to  an  average 
annual  equivalent  cost.  This  was  done  in  order  that  there  might  be 
a clearer  understanding  of  probable  benefits  that  will  accrue  from 
the  recommended  program  and  probable  costs  to  be  incurred  in  the 
installation  of  the  program. 

The  benefit-cost  ratio  is  3*5  to  1* 

The  basis  for  the  adjustments  in  determining  this  benefit-cost 
ratio  is  as  follows : 

Index  of  prices  received  by  farmers  287  to  150  (1910-1911+  = 100). 
Index  of  prices  paid  by  farmers  21)9  to  165  (1910-191U  = 100)  • 

Index  of  construction  cost  of  earthwork  159  to  122  (ICC  index 

1910-191U  = 100) . 


Index  of  other  construction  costs  I4.6I  to  3^5  (1913  = 100). 
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REVIEW  AND  COMMENTS  OF  AGENCIES 


OTHER  THAN  THOSE  OF  THE  DEPARTMENT  OF  AGRICULTURE 
AND  OTHER  INTERESTS 

Pecos  River  Watershed  Survey  Report  and  Appendix 


In  accordance  with  policies  and  procedures  adopted  by  the  Federal 
Inter-Agency  River  Basin  Committee,  the  report  was  sent  to  the 
following  agencies  for  review  and  comments j 


Agency 

Address 

Date 

of: 

Transmittal 

Reply 

Corps  of  Engineers 

Dallas,  Texas 

8-15-50 

9-15-50 

Albuque  r que , N. M. 

it 

Bureau  of  Reclamation 

Amarillo,  Texas 

8-15-50 

9-28-50 

Albuquerque,  N.M. 

it 

Fish  & Wildlife  Service 

Albuquerque,  N.M. 

8-15-50 

8-18-50 

Bureau  of  Indian  Affairs 

Albuquerque,  N.M. 

8-15-50 

9-15-50 

Bureau  of  Land  Management 

Albuquerque,  N.M. 

8-15-50 

9-15-50 

Bureau  of  Mines 

Denver,  Colorado 

8-15-50 

9-5-50 

Geological  Survey 

Santa  Fe,  N.  Mex. 

8-15-50 

8-24-50 

Austin,  Texas 

9-5-50 

9-25-50 

National  Park  Service 

Santa  Fe,  N.  Mex. 

8-15-50 

8-31-50 

Office  of  Field  Service 

Department  of  Commerce 

Denver,  Colorado 

8-11-50 

8-17-50 

Weather  Bureau 

Ft*  Worth,  Texas 

8-11-50 

8-21-50 

Coast  and  Geodedic  Survey 

Ft.  Worth,  Texas 

8-15-50 

9-1-50 

Federal  Power  Commission 

Ft.  Yforth,  Texas 

8-11-50 

8-23-50 

l/  Acknowledged  receipt  of  report  but  has  not  provided  formal 
comments • 


Cont 1 d 


Agency 

Address 

Date 

of: 

Transmittal 

Reply 

Pecos 

River  Compact 

C ommi s s i on 

Santa  Fea  N,M. 

8-15-50 

8-24-50 

New  Mexico  State  Engineer 

Santa  Fe,  N,M. 

8-16-50 

9-25-50 

Texas 

Board  of  Y/ater 

Engineers 

Austin,  Texas 

8-28-50 

9-6-50 

Texas 

State  Soil  Conserva- 
tion Board 

Temple,  Texas 

8-25-50 

8-31-50 

l/  Acknowledged  receipt  of  report  but  has  not  provided  formal 
comments  # 


Copies  of  letters  received  from  officials  commenting  on  the  re- 
port follow: 


•obps  o i Ea&iamSy  u.s.  army 
oheich  or  the  n vision  engineer 

SOUTHWESTERN  DIVISION 


1114  Commerce  Street 
Dallas,  Texas 


15  September  1950 

Regional  Director 
Soil  Conservation  Service 
P.  0.  Box  134s 
Albuquerque,  New  Mexico 


Dear  Sir : 

Receipt  is  acknowledged  of  the  revised  draft  of  your  survey 
report  on  the  Pecos  River,  Texas  and  New  Mexico,  which  you  submitted 
for  our  review  and  comment  with  your  letter  dated  15  August  1950# 

It  is  noted  that  a copy  of  the  report  was  also  furnished  the  Dis- 
trict Engineer,  Corps  of  Engineers,  Albuquerque,  for  review  and 
comment*  This  office  is  now  in  receipt  of  the  District  Engineer1 s 
comments,  which  are  as  follows: 

u2a.  Text,  page  11,  1st  paragraph,  1st  line*  1 The  Corps  of 
Engineers  is  conducting  a general  flood  control  survey  in  the  water- 
shed*  Recommendations  contained  herein  have  been  correlated  with 
the  contemplated  program  of  the  Gorps  of  Engineers  in  order  to 
provide  the  most  complete  flood  protection  that  is  feasible* * 

Comment*  — In  view  of  the  foregoing  statement,  it  is  believed 
that  the  report  of  the  Department  of  Agriculture  should  reflect  the 
correlation  with  the  contemplated  program  of  the  Corps  of  Engineers, 
However,  with  reference  to  table  10,  following  page  52,  in  the 
appendix,  estimated  future  average  annual  flood  damages  listed  for 
the  area  on  Rio  Hondo  below  Hondo  Reservoir  depart  widely  from  the 
flood  damages  estimated  for  the  same  area  by  this  District.  Eurther 
it  is  indicated  that  the  contemplated  program  of  the  Corps  of  Engi- 
neers was  not  considered  in  determining  future  damages,  since  the 
area  referred  to  would  be  in  the  protected  area  of  the  proposed  Two 
Rivers  flood  control  project,  (it  wa s estimated  that  the  Two  Rivers 
Reservoir  would  prevent  most  of  the  flood  damage  in  this  area.) 
Reference  is  also  made  to  table  l6,  following  page  77  of  the  appen- 
dix of  the  Department  of  Agriculture^  report,  in  which  benefits 
credited  to  the  recommended  program  of  the  Department  of  Agriculture 
apparently  include  benefits  derived  from  the  protected  area  of  the 
proposed  Two  Rivers  Reservoir  project  recommended  in  the  report 
prepared  by  this  District* 
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Regional  Director 

Soil  Conservation  Service 


15  September  1950 


These  discrepancies  "between  the  reports  are  not  fully  understood, 
since  the  Department  of  Agriculture  is  cognizant  of  the  plans  under 
consideration  "by  this  District,  and  of  the  results  of  the  flood  damage 
survey  in  the  area  referred  to  above* 

b*  Appendix,  page  29 , paragraph  9Q  , line  6.  - The  report  shows 
a gage  height  of  22*5  feet  which  does  not  agree  with  the  gage  height 
of  21*5  feet  published  in  ¥ater  Supply  Paper  ITo*  438® 

c*  Appendix,  page  29 , paragraph  91*  line  l4.  — Discharge  of 
^0,000  c.f.s.  at  Dayton,  which  is  stated  to  be  the 'peak  discharge  at 
Dayton,  is  shown  in  "Water  Supply  Paper  Do*  4CC,  as  the  mean  daily  flow. 
In  the  water  supply  paper  it  states  that  a discharge  on  IS  September 
was  not  determined,  but  probably  exceeded  the  previous  maximum  of 
50,3C0  second-feet. 

d.  Appendix,  page  3i,  paragraph  95*  line  6*  — The  peak  discharge 
shown  for  Dayton  and  Carlsbad  are  listed  as  mean  daily  flows  in  hater 
Supply  Paper  ITo*  7^3* 

e*  Appendix,  page  32,  paragraph  95*  line  15*  — - The  discharge  of 
56,200  c.f.s*  at  Red  Bluff  is  listed  in  water  Supply  Paper  ITo*  923,  as 
52,600  c.f.s* 

f* ' Appendix,  page  39*  paragraph  112*  — Operation  of  Alamogordo 
Reservoir  from  1937  to  survey  of  1944,  approximately  seven  years,  shows 
an  average  annual  sedimentation  rate  of  3 ,500  acre-feet  with  an  average 
annual  discharge  of  300,900  acre-feet.  The  average  annual  flow  for  a 
42—year  period,  from  1965  to  1946,  .is  estimated  to  be  about  191,000 
acre— feet  as  shown  in  the  Pecos  River  Compact.  This  is  about  37  Per 
cent  lower  than  the  flow  during  the  period  of  sediment  record*  Thus, 
it  seems  for  a long  period  the  average  sedimentation  rate  for  Alamogordo 
Reservoir  will  be  approximately  2,200  acre-feet  per  year.  The  annual 
depletion  rate  would  then  be  1.4  percent  instead  of  2*3  percent  as 
shown  in  the  table. 

g.  Appendix,  page  4l,  paragraph  119*  — It  is  stated  tho.t  the 
estimated  annual  sediment  rate  of  the  Rio  Hondo  at  Roswell  is  about  COO 
acre-feet.  This  is  from  l,l46  square  miles  of  drainage  area*  In  a 
letter  from  Robert  V.  Boyle,  Acting  Regional  Director  of  the  Soil  Con- 
servation Service  at  Albuquerque,  Dew  Mexico,  dated  23  dune  1950,  it 
was  stated  that  the  average  annual  sediment  rate  at  the  Old  Hondo  Reser- 
voir site  was  estimated  by  Dr*  SLdon  Thorp,  Soil  Conservation  sedimen- 
tation specialist,  as  500  acre-feet  annually*  The  drainage  area  above 


2 


Regional  Director 

Soil  Conservation  Service 


15  September  1950 


the  old  Hondo  Deservoir  is  about  1,011  square  miles,  This  letter 
verifies  previous  estimates  made  "by  Dr.  Thorp  in  discussions  held  in 
connection  with  the  preparation  of  the  Corps  of  Engineers1  Interim 
Deport  on  Survey  for  Plood  Control,  Dio  Hondo  at  Do  swell.  Hew  Mexico. 

She  letter,  which  was  included  as  Exhibit  £>  of  Appendix  VI  to  the 
Corps  of  Engineers1  report,  also  states  that  the  estimate  of  500  acre- 
feet  would  appear  in  the  Soil  Conservation  Service  Survey  Deport  on 
the  Pecos  "basin.  Based  on  the  above,  it  appears  that  the  Soil  Con- 
servation Service  estimate  of  sedimentation  has  been  revised  upward 
considerabljr  since  23  June  1950*  This  office  has  not  estimated  the 
rate  of  sediment  flow  on  Dio  Hondo  at  Do swell,  but  based  on  the  esti- 
mated, 320  acre— feet  annually  for  1,084  square  miles  at  the  Two  Divers 
Deservoir  site,  the  estimated  annual  rate  for  the  l,l46  square  miles 
could  not  exceed  about  350  acre-feet. 

h*  Appendix,  page  4S,  paragraph  144,  line  8,  - x Bloods  in  Salt 
Draw  damaged  railroads  and  urban  property  in  Boyah  in  15^0.  Enlarge- 
ment of  the  protective  dikes  has  largely  eliminated  this  flood  hazard, T 

Comment.  — Apparently  the  above  is  the  only  reference  made  to 
the  flood  problems  on  Salt  Draw.  Possibly  the  recent  agricultural 
development  on  Salt  Draw  in  the  vicinity  of  Pecos,  Texas,  has  been 
overlooked  as  a flood  problem  area.  Investigations  by  the  Albuquerque 
District  indicate  that  this  area  is  the  principal  flood  problem  area 
in  the  Texas  portion  of  the  Pecos  Diver  watershed.  A preliminary 
flood  damage  survey  shows  justification  for  a flood  control  investi- 
gation, which  will  be  reported  on  in  the  forthcoming  survey  report  on 
the  Pecos  Diver,  being  prepared  by  this  District, 

i.  The  report  of  the  Department  of  Agriculture  does  not 
specify  the  location  of  recommended  improvements  on  Pecos  Diver  and 
major  tributaries,  nor  does  it  give  details  on  the  extent  and  type  of 
treatment.  Therefore,  this  district  will  be  seriously  handicapped  in 
evaluating  effect  of  the  proposed  water  flow  retarding  works  on  plans 
under  consideration  for  the  forthcoming  flood  control  report  on  the 
Pecos  Diver,  unless  these  projects  are  more  clearly  defined. 

*3.  In  addition  to  the  report  referred  to  above,  the  Department 
of  Agriculture  furnished  a paper,  Stream  Bank  Protection  at  Port  Sumner, 
Hew  Mexico,  Analysis  of  Peasib ility,  copies  of  which  are  inclosed. 

This  paper  outlines  the  procedure  used  in  evaluating  benefits  for  the 
prevention  of  bank  caving  at  Port  Sumner.  It  further  shows  that  a proj- 
ect for  the  prevention  of  bank  caving  is  economically  justified.  De- 
tailed comments  on  this  paper  are  contained  in  the  following  paragraphs. 
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Regional  Director 

Soil  Conservation  Service 


15  September  1950 


fl4*  Reference  is  made  to  the  method  of  analysis  used  h y the 
Soil  Conservation  Service  in  evaluating  the  economic  losses  resulting 
from  stream  ‘bank  erosion,  These  economic  losses  were  estimated  to 
he  equal  to  the  annual  reduction  in  net  farm  income,  capitalized  at 
4 per  cent  interest  rate  (Page  2,  paragraph  2 of  Soil  Conservation 
Paper).  This  procedure  in  effect  amounts  to  evaluating  the  land  at 
$1,667  Per  acre  (1946  value)  and  $815  per  acre  (normal  value),  since 
the  values  are  substituted  for  acres  of  land  in  computing  benefits  in 
the  second  paragraph  on  page  6.  These  values  are  three  to  five  times 
the  current  market  value  of  the  land  of  about  $300  per  acre,  including 
improvements  and  water  rights.  3y  using  these  synthesized  values  as 
shown  in  table  4 on  page  3,  the  Soil  Conservation  Service  arrived  at 
a total  estimated  benefit  of  $23*3^0  (1946  prices)  and  $11,530  (normal 
prices)  which,  when  compared  to  annual  charges  indicate  an  economical 
ratio  of  benefits  to  cost  of  2.02:1  (1948  prices)  and  1.42:1  (normal 
prices).  In  contrast,  by  following  the  Corps  of  Bngincers 1 practices, 
the  average  annual  benefit  derived  from  the  market  value  of  the  land 
at  $300  per  acre  would  be  $3*990.  This  benefit  when  compared  to  cost 
shows  an  unfavorable  economic  ratio  of  0.35*1  based  on  the -1948  costs 
shown  in  the  Soil  Conservation  report* 

*5.  The  method  of  analysis  used  by  the  Soil  Conservation  Service 
would  appear  proper  only  if  the  following  conditions  were  true: 

a*  That  the  rate  of  bank  caving  of  cultivated  land  will 
continue  for  an  infinite  length  of  time  at  the  rate  used  in  the  analysis. 

b.  That  the  caving  of  one  acre  of  land  now  cultivated  re- 
sults in  a loss  for  all  time  of  the  net  value  of  the  resource  normally 
produced* 

M6.  "With  reference  to  condition  it  appears  that  sooner  or 
later  a status  of  equilibrium  would  be  reached  when  the  caving  of  culti- 
vated land  in  the  Port  Sumner  District  will  cease  or  continue  at  a much 
reduced  rate.  With  respect  to  condition  5^>  it  is  pointed  out  that  the 
production  of  crops  in  the  Pecos  Valley  entails  the  use  of  both  land 
and  wat or*  Bank  caving  results  in  only  the  loss  of  the  land,  and  when 
consideration  is  given  the  fact  that  far  more  irrigable  land  is  avail- 
able than  com  be  irrigated  with  available  supply,  it  would  appear  that 
the  loss  of  an  aero  of  land  alone  does  not  necessarily  mean  the  loss  of 
the  production  heretofore  realized  from  that  acre  because  the  water 
could  be  used  elsewhere  in  the  Pecos  Valley  to  produce  an  equal  yield. w 

This  office  is  in  general  agreement  with  the  comments  of  the  Dis- 
trict Bngineer,  but  it  appears  from  a review  of  his  comments  that  it 
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* 


Regional  Director 

Soil  Conservation  Service 


15  September  1950 


should  not  be  difficult  to  reconcile  all  of  the  major  conflicts 
between  our  proposed  reports-.  Accordingly,  I will  arrange  for  our 
District  Dngineer  to  confer  with  yon,  with  a view  to  coordinating 
our  reports  in  all  essential  particulars* 

Sincerely  yours, 

/s/  Louis  IT*  Prentiss 

Louis  I'T*  Prentiss 
Colonel,  CD 
Division  Dngineer 
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UUITED  STATES 
DBPARTMEtlT  OP  CHS  I1TTERI0R 
BUREAU  OF  RECIAMATIOH 


Region  5 
Amarillo,  Texas 
Box  1609 


September  2S,  1950 


Mr*  Cyril  Luker 
Regional  Director 
Soil  Conservation  Service 
Albuquerque,  Hew  Mexico 

Dear  Mr*  Linker: 

Reference  is  made  to  your  letter  dated  August  15,  1950> 
under  which  you  transmitted  to  this  office  for  review  and  comments 
your  revised  flood  control  survey  report  for  the  Pecos  River  water- 
shed, Hew  Mexico  and  Texas  dated  July  1950*  Reference  is  also  made 
to  the  conference  of  representatives  of  your  office  and  this  office 
held  in  Amarillo  on  September  19,  1950  for  the  purpose  of  reconcil- 
ing the  viewpoints  of  our  respective  offices  with  respect  to  the 
pertinent  material  of  mutual  concern  covered  by  the  above-mentioned 
survey  report.  I am  sure  that  the  conference  was  mutually  benefi- 
cial and  it  is  my  hope  that  it  will  lead  to  even  closer  cooperation 
between  the  staffs  of  our  respective  organizations. 

In  view  of  the  exchange  of  information  and  viewpoints 
which  was  accomplished  at  the  September  19  conference,  I will  limit 
my  comments  on  your  report  to  the  following: 

As  a result  of  our  conference  it  is  recognized  that  your 
staff  has  made  every  effort  within  the  limits  of  the  available 
data  to  evaluate  the  runoff  losses  that  necessarily  would  result 
from  installation  of  the  measures  proposed  in  your  program.  Also, 
your  program  has  been  designed  to  minimize  such  losses  insofar  as 
is  practicable  and  yet  obtain  the  objectives  of  your  program,  which 
are  improvement  of  the  watershed  conditions  and  productive  capacity 
of  the  Pecos  River  Basin,  However,  lack  of  adequate  prototype 
field  data  precludes  not  only  the  establishment  of  the  water  losses 
which  would  result  from  installation  of  the  contemplated  program 
but  also  measuring  the  benefits  such  as  sediment  control,  etc*, 
which  would  result  therefrom  and  against  which  the  costs  and  losses 
of  your  program  must  be  equated  to  achieve  a proper  understanding 
of  the  value  of  your  program* 

Our  conference  established,  and  I believe  it'  proper  that 
your  report  appropriately  explain,  that  the  runoff  losses  to  be 
anticipated  would  result  almost  entirely”  from  securing  improved 


range  practices  with  which  this  office  is  in  complete  accord  and 
that  the  effect  on  runoff  of  the  conservation  measures  proposed 
for  the  remaining  5^,000  acres  of  concern  to  your  report  would  he 
so  negligible  as  not  to  he  within  the  accuracy  of  your  basin  water 
supply  studies*  Consequently  this  office  merely  desires  to  urge 
again  that  appropriate  action  be  taken  to  initiate  a program  under 
which  adequate  prototype  data  concerning  the  effect  of  watershed 
improvement  measures  for  large  river  basins  such  as  proposed  by 
your  Department  may  be  obtained.  I assure  you  this  office  will 
be  glad  to  cooperate  in  any  appropriate  way  not  only  in  the  planning 
and  carrying  out  of  such  a program  but  also  in  the  seeking  of  neces- 
sary funds  therefor.  We  believe  that,  as  the  costs  of  the  nation- 
wide watershed  improvement  program  of  your  Department  would  likely 
amount  to  several  billion  dollars,  the  expenditure  of  a few  hundred 
thousand  dollars  to  permit  evaluation  of  the  effect  and  benefits  of 
such  program  is  amply  justified. 

It  is  of  concern  to  me  that  your  report  justifies  the 
incurrence  of  the  estimated  water  losses  that  will  result  from  your 
program  at  least  partially  by  stating  that  such  losses  will  be 
largely  off-set  through  water  salvage  measures  to  be  effected  in 
the  McIIillan  Reservoir  delta  area.  As  you  are  aware,  the  Pecos 
River  Compact  includes  provisions  concerning  the  apportionment 
between  the  States  of  Texas  and  Rev;  Mexico  of  any  waters  salvaged 
in  the  basin,  and  I recognize  that  the  real  responsibility  for 
decision  as  to  the  uso  to  be  made  of  Rev;  Mexico* s share  of  any 
waters  so  salvaged  appropriately  must  rest  with  that  State.  However, 
I feel  very  strongly  the  principle  should  be  recognized  that  first 
consideration  in  the  use  of  any  salvaged  waters  should  be  given  to 
established  projects,  such  as  the  Port  Sumner  and  Carlsbad  Irriga- 
tion Projects,  and  assignment  of  any  waters  surplus  to  the  needs  of 
such  projects  should  be  made  on  the  basis  of  the  dominant  basin 
needs  for  such  waters  and  the  relative  benefits  to  be  derived 
therefrom.  I believe  such  principle  could  be  recognized  in  your 
report  without  undue  conflict  with  your  plan,  as  the  water  salvage 
measures  proposed  in  our  Project  Planning  Report  Ro.  5~15*13“0 
dated  August  1950»  on  which  you  furnished  comments  under  letter 
dated  August  22,  1950 » an<l  to  which  your  proposed  water  salvage 
measures  would  be  supplementary,  would  make  available  the  additional 
flows  desirable  to  supplement  the  supplies  of  the  existing  projects 
which  are  the  concern  of  this  office. 

This  office  has  reviewed  in  detail  the  comments  of  your 
office  with  respect  to  the  sediment  inflow  evaluations  for  the 
Alamogordo,  McMillan,  and  Red  3 luff  Reservoirs.  This  review  confirms 
our  belief  that  the  evaluations  made  by  our  staff  and  which  are  the 
basis  of  the  findings  presented  in  our  above-mentioned  Project 
Planning  Report  Ro.  5”15*13~0»  are  more  representative  of  the  con- 
ditions likely  to  prevail  than  those  presented  in  the  present  draft 


of  your  report*  Therefore,  in  view  of  our  responsibility  for 
reservoirs  of  the  Carlsbad  Project  and  in  the  interest  of  coordin- 
ating our  presentations  wherever  appropriate,  I assure  you  of  the 
willingness  of  this  office  to  be  credited  with  the  sediment  inflow 
evaluations  should  your  office  care  to  present  in  your  report  the 
recorded  inflows  to  dale  and  use  our  forecasts  of  probable  future 
inflows# 


Your  report  very  appropriately  states  the  division  of 
responsibility  for  carrying  out  the  xerogram  which  your  Department 
envisions,  and  on  this  I am  sure  the  Department  of  the  Interior 
will  desire  to  comment.  However,  I would  suggest  that,  in  order  to 
permit  a clearer  understanding  of  your  pxroiDOsals,  your  report  should 
also  indicate  the  division  of  responsibilities  contemplated  with 
respect  to  the  preparation  of  work  plans,  seeking  of  funds  and  other 
program  matters  essential  to  initiating  and  carrying  out  of  the 
program. 


Very  truly  yours, 

/ s/  H.  3.  Robbins 

E.  3,  Robbins 
Regional  Director 


seal 


UlIITJilD  SDAISS 

deeapjrisie?  op  ms  ihpprior 

PISH  A 3D  HIB3LIPS  SERVICE 


Office  of  the  Regional  Director 
Albuquerque,  Hew  Mexico 
Po  0.  Box  1306 


August  18,  1950 


Mr<,  Cyril  Luker,  Regional  Director 
Soil  Conservation  Service 
Department  of  Agriculture 
Post  Office  Box  1348 
Albuquerque,  Hew  Mexico 

Dear  Mr,  Luker: 

Reference  is  made  to  your  letter  dated  August  15*  1950 
which  forwarded,  for  our  review  and  comments,  a draft  copy  of 
your  Survey  Report,  Pecos  River  Watershed,  Hew  Mexico  and  lexas, 
dated  July  1950# 

Insofar  as  Pish  and  Hildlife  Service  interests  are 
concerned,  we  are  pleased  to  endorse  this  report*  He  feel 
confident  that  the  measures  recommended  in  it  will  materially 
benefit  fish  and  wildlife  resources  in  the  basin.  Hhile  the 
report  does  not  bring  it  out,  on  a number  of  occasions  personnel 
from  our  respective  offices  discussed  the  recommended  program 
for  the  purpose  of  considering  the  needs  of  fish  and  wildlife 
resources  in  the  basins,  and  ho w when  the  recommended  measures 
are  installed  they  might  produce  increased  fish  and  wildlife 
benefits.  He  will  welcome  an  opportunity  to  consult  with  you 
again  at  that  time. 

Your  consideration  in  furnishing  the  report  for  our 
comments  is  sincerely  appreciated.  When  they  are  available, 
we  would  like  to  have  an  additional  copy  of  the  report  for  our 
reference  files. 


Very  truly  yours, 

/ s/  John  C.  Gatlin 

John  C,  G-atlin, 
Regional  Director 
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UNITED  STATES 

DEPAP.TI'-IENT  OF  THE  INTERIOR 
Office  of  Indian  Affairs 
Field  Service 


Albuquerque  Area  Office 
Albuquerque,  New  Mexico 
September <15,  1950 

Mr*  Cyril  J.  Luker,  Regional  Director 
Soil  Conservation  Service 
Albuquerque,  New  Mexico 

Attention:  Ur.  Robert  Y.  Boyle 

Dear  Sir: 

We  received  the  revised  draft  of  the  flood  survey  report  for 
the  Pecos  River  wa-tershed  in  New  Mexico  and  Texas,  with  your  covering 
letter  of  August  15th. 

This  report  has  been  reviewed  by  members  of  my  staff  and  a very 
favorable  comment  has  been  made.  The  report  seems  to  be  very  completely 
and  accurately  prepared.  There  is  one  point  which  we  would  like  to 
further  clarify,  namely  that  Indian  land  is  not  in  the  strict  sense 
Federally  owned.  The  Federal  government  does,  as  you  are  aware, 
exercise  supervision  over  Indian  lands.  This  responsibility  rests  with 
the  Indian  Service.  In  some  instances,  as  in  the  case  of  the  Pueblo 
grants,  title  is  held  by  the  Indians  from  the  King  of  Spain,  Patents 
have  been  issued  by  the  United  States  Government  on  lands  of  this 
■patent  category. 

In  other  cases  the  Indian  land  is  held  in  trust  for  particular 
tribes.  It  is  the  policy  of  the  Indian  Bureau  to  enlist  the  aid  and 
support  of  the  Indian  tribal  representatives  in  any  matter  affecting 
land  of  that  particular  tribe. 

We  do  not  understand  from  your  August  15th  letter  whether  we 
are  to  return  or  keep  the  copy  of  the  report  submitted  to  us.  We 
would  like  to  keep  this  if  you  have  no  objection.  However,  if  you 
would  like  it  returned  please  so  inform  us  and  v/e  will  immediately 
return  it.  We  wish  to  thank  you  for  an  opportunity  to  review  this 
report  and  assure  you  our  full  cooperation  in  any  way  we  arc  able  to 
contribute. 


Sincerely  yours, 

/ s/  Eric  T.  Hagberg 


Eric  T.  Hagberg 
Area  Director 


SEAL 


UNITED  STATES 

EEPAJBTIffilT  07  TEE  INTERIOR 
BUREAU  OP  LANE  IIANAGEMENT 

P,  O,  Box  1695 
Albuquerque,  Hew  Mexico 


September  15,  19 5^ 

Mr.  Oyril  Luker 
Regional  Director 
Soil  Conservation  Service 
Albuquerque,  Hew  Mexico 

Dear  Mr.  Luker: 

In  his  letter  of  August  15*  Acting  Regional  Director 
Robert  V.  Boyle  requested  our  comments  on  the  nRevised  Draft 
of  the  Plood  Survey  Report  for  the  Pecos  Paver  Watershed  in 
New  Mexico  and  Texas,9  that  accompanied  that  letter, 

I think  the  authors  of  the  draft  are  to  be  complimented 
on  the  soundness  of  their  approach,  the  clarity  of  their  thinking 
and  the  terse  yet  complete  expression  of  that  thinking.  Partic- 
ularly as  regards  their  handling  of  the  nMethod  of  Estimated 
Sediment  Damage  to  Reservoirs”  do  I believe  they  have  made  a 
notable  contribution  to  the  thinking  of  many  of  us. 

Over  the  telephone  today  I told  Mr,  Ray  McDaniel 
that  we  believe  the  two  statements  (reference  page  11  of  the 
Survey  Report  and  page  2.0  of  the  Appendix)  can  be  improved 
upon.  Unless  you  have  serious  objection,  I should  like  the 
enclosed  statement  to  appear  in  both  locations.  It  states  in 
small  compass  everything  that  we  have  to  say  at  this  time. 

The  only  difference  in  its  appearance  in  the  Appendix  from 
that  in  the  Report  would  be  that  the  heading  should  read: 
IrDepartment  of  the  Interior,  Bureau  of  Land  Management.  — ” 

Sincerely  yours, 

/ s/  E.  R.  Smith 


Enclosure 


E.  R,  Smith 
Regional  Administrator 


Enclosure  to  letter  from 
3ureau  of  Land  Management 
dated  September  15,  1950 


Department  of  the  Interior,— The  Bureau  of  Land  Management 
administers  more  than  2 million  acres  of  public  domain  grazing 
land  within  the  Pecos  Biver  watershed  in  Mew  Mexico,  pursuant 
to  the  Taylor  G-razing  Act  of  193^*  (There  exists  no  public 
domain  in  the  State  of  Texas*)  Most  of  this  public  domain 
lies  within  an  established  G-razing  District,  headquarters 
Boswell.  The  bulk  of  the  remainder  occurs  in  widely  dispersed 
pattern  in  the  watershed  above  Et.  Sumner*  BLMrs  contribution 
to  land  and  water  conservation  on  the  watershed  consists  prin- 
cipally of  improved  range  management.  However,  in  addition, 
it  controls  range  fires,  installs  needed  range  improvements 
and  carries  on  a limited  amount  of  strictly  soil  and  moisture 
conservation  operations.  (The  two  last-mentioned  items  have 
been  financed  at  an  annual  cost  of  approximately  $17,000  of 
G-overnment  funds.)  All  of  the  foregoing  either  directly  or 
indirectly  improve  watershed  conditions  and  aid  in  flood 
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DIETED  STATES 
33®*3E-OMT  OB  THE  13523103. 
3IHM  OP  ::i:cs 

224  ITew  Customhouse 
Denver  2,  Colorado 


September  5»  1950 


Mr.  Robert  Y.  Boyle 
Acting  Regional  Director 
Soil  Conservation  Service 
U.  S.  Department  of  Agriculture 
Albuquerque,  Hew  Mexico 

My  dear  Mr.  Boyle: 

I have  had  the  survey  report'  Apccos  River  Watershed, 
Hew  Mexico  and  Texas’1  reviev/ed.  It  has  been  determined  that 
the  proposals  have  no  direct  bearing  on  the  mineral  resources 
of  the  basin  and  the  Bureau  of  Mines  has  no  objections  or  com- 
ments to  make. 

Sincerely  yours, 

/ s/  J.  H.  East,  Jr. 

J.  .H«  East-,  Jr. 

Regional  Director 
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UNITED  STATES 

DEPARTMENT  OP  THE  INTERIOR 
GEOLOGICAL  SURVEY 

?.  0.  Box  277 
Santa  Ee,  Hew  Mexico 


August  24,  195^ 


Mr.  Cyril  Linker,  Regional  Director 
U.  S.  Soil  Conservation  Service 
Box  134S 

Albuquerque,  Hew  i-iexico 
Bear  Mr.  Lufcer: 

As  District  Engineer  of  the  Geological  Survey,  I 
received  one  of  the  Soil  Conservation  Service  reports  on 
its  proposed  program  on  the  Pecos  River  drainage.  'This 
report  was  read,  and  returned  yesterday  to  Harold  Elmendorf 
with  my  comments  given  to  him  verbally. 

The  office  still  has  the  second  copy  of  the  report 
which  was  sent  to  me  as  Commissioner  representing  the 
United  States  on  the  Pecos  River  Commission. 

Very  truly  yours, 

/ s/  Berkeley  Johnson 

Berkeley  Johnson 
District  Engineer 


U1TITHD  STATES 
DSPABTilEHTT  OB  THE  IHTHHIOR 
GEOLOGICAL  SUPVEY 

SOUTHWEST  BIELD  COMMITTEE  - PEGIOIT  6 
302  West  15th  Street 
Austin  14,  Texas 

September  25,  1950 

Mr.  Harold  3*  Elmendorf,  Chief 
Pegional  Water  Conservation  Division 
P.  0.  Box  134g 
Albuquerque,  Hew  Mexico 

Dear  Harold: 

Please  excuse  my  delayed  reply  to  your  letter  of  September  5, 
1950,  concerning  my  review  of  your  agency’s  report  u?ecos  Eiver 
Watershed,  Hew  Mexico  and  Texas  — July  1950”! 

I have  been  away  from  Austin  a greater  part  of  the  time  since 
reoeiving  your  letter  in  connection  with  work  relating  to  the 
Arkansas—' White  and  Bed  Piver  Inter-Agency  Basin  Committee,  and  for 
that  reason  I have  not  had  an  opportunity  to  study  the  report*  Mr* 
Pox  is  correct  in  that  I am  the  U.  S.  G-eological  Survey  contact 
official  to  which  such  reports  should  be  submitted  for  field  review 
by  the  Geological  Survey  in  the  Interior  Department’s  Southwest 
Begion  6 (extends  from  the  Continental  Divide  on  the  we st  to  the 
main  stem  of  the  Mississippi  on  the  East  and  includes  all  of  the 
Arkansas  Basin  on  the  north  and  coastal  streams  southward  to  the 
Gulf  of  Mexico).  Your  letter  advises  that  Berkeley  Johnson,  C.  Y. 
Theis,  and  John  Hem  of  the  TJ*  S.  Geological  Survey  have  reviewed 
the  report.  It  is  my  feeling  that  their  comments  will  be  sufficient 
for  the  U.  S.  Geological  Survey’s  field  review, 

Bor  your  information  I might  advise,  however,  that  the  U.  S. 
Geological  Survey’s  principal  concern  in  reports  of  this  nature  is 
to  make  sure  that  your  agency  is  supplied  with  available  basic  data 
that  may  be  of  value  to  your  agency  in  the  proposed  investigation. 
The  Geological  Survey  is  also  concerned  with  your  needs  for  addi- 
tional basic  data  and  in  this  connection  it  desires  to  cooperate 
in  every  way  possible  to  secure  such  information.  Basic  data  relat- 
ing to  water  resources,  topograjjhic  mapping  and  geology  may  be 
obtained  from  the  following  Geological  Survey  officials: 


X 


I - . 
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Surface  Water  Resources: 


Dew  Mexico  - Mr*  Berkeley  Johnson,  District  Engineer 
P.  0.  Box  277 > Santa  Pe,  Dew  Mexico 


Texas . 


Mrc  C.  3*  Dlls worth,  District  Dngineer 
302  West  15th  Street,  Austin  l4,  Texas 


Geology: 


Mr*  3*  3*  3ckel,  Chief,  Engineering  Geology 
3ranch,  Denver  Pederal  Center,  Denver  Colo* 


Topography : 


Dew  Mexico  ~ Mr.  R.  0*  Davis,  Regional  Engineer 

Denver  Pederal  Center,  Denver,  Colorado 


Texas 


Mr*  Daniel  Kennedy,  Regional  Engineer 
?.  C*  Box  I33 » Rolla,  Missouri 


It  is  unfortunate  that  the  Geological  Survey  does  not  have  a 
substantial  amount  of  basic  data  regarding  the  variations  of  runoff 
from  small  areas.  Our  long  range  program  anticipated  the  estab- 
lishment of  a largo  number  of  stream  flow  stations  for  recording 
runoff  from  typical  small  streams  in  various  sections  of  the 
Interior  Departments  Southwest  Region  6.  Current  appropriations, 
however,  will  permit  only  the  establishment  of  a few  such  stations 
during  the  1951  fiscal  year.  At  this  time  I do  not  know  whether 
any  of  these  will  be  established  in  the  Pecos  River  Basin  during 


1951. 


Very  truly  yours, 


/ s/  Trigg  Twichell 
Trigg  Twichell 

Geological  Survey  Representative 


cc  - Mr,  Berkeley  J ohnson 

Mr,  Cyril  Luker,  Albuquerque,  Dev;  Mexico 
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UEITED  STATES 

DSPARTllSHT  OE  THE  IRTHRIOF. 
HATIOMAL  PARE  SERVICE 


Region  Three 
Santa  Ee,  Rew  Mexico 


August  31*  195° 


Regional  Director,  Region  Six 
Soil  Conservation  Service 
P.  0.  Box  13te 
Albuquerque,  Rev  Mexico 

Dear  Sir: 

The  Uc  S,  Department  of  Agriculture  Survey  Report, 
Pecos  River  Watershed,  Hew  Mexico  and  Texas,  transmitted  with 
Mr*  Robert  V.  Boyle* s letter  of  August  15,  has  been  reviewed 
by  members  of  my  staff* 

The  report  is  comprehensive  in  scope  and  deals  \d.th  a 
situation  which  has  long  been  recognized  as  one  of  vital  concern 
to  the  Southwest* 

In  commenting  on  your  report,  I note  that  no  mention 
of  the  Rational  Park  Service  is  made  under  ^Activities  Related 
to  Plood  Control,  Department  of  the  Interior, n page  11  of  the 
report*  Carlsbad  Caverns  Rational  Park,  an  area  of  49,742 
acres,  is  located  in  Eddy  County  within  the  Pecos  River  Water- 
shed* This  land  is  considered  to  be  moderately  eroded,  which 
is  in  agreement  with  your  map  Ro.  5 of  the  Appendix.  We  are 
now  carrying  out  management  practices  to  aid  in  the  reduction 
of  floodwater  and  sediment  damage*  Other  soil  conservation 
measures  planned  for  this  area  arc  range  re-seeding  and  sediment 
control  structures  estimated  to  cost  $6,500*  Possibly  it  would 
be  desirable  to  show  the  Rational  Park  on  your  maps  as  has  been 
done  for  other  Eedcral  areas,  such  as  Rational  Eorests. 

We  would  like  to  suggest  the  following  revision  of 
paragraph  59*  page  17,  as  being  somewhat  more  comprehensive, 
and,  in  certain  respects,  more  accurate  than  the  one  in  your 
report : 


59*  Recreational  use*  There  are  many  recreational 
attractions  in  the  watershed.  Those  include  notably  the 
high,  scenic  mountain  areas  near  the  headwaters  and  along 
the  western  flanks  of  the  basin,  especially  in  Row  Mexico* 
Many  camp  sites  and  recreational  areas  have  been  developed 
in  the  national  forests.  Carlsbad  Caverns  Rational  Park, 
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administered  "by  the  National  Park  Service,  is  in  the  mid- 
hasin  in  New  Mexico,  and  there  are  two  state  parks.  Bottom- 
less lakes  near  Roswell,  New  Mexico,  and  Balmorhea  in 
Texas.  Considerable  recreational  use  is  made  of  the 
Alamogordo,  Avalon,  and  Red  Bluff  reservoirs.  The  region 
is  rich  in  historic  interest,  with  remains  of  several 
frontier  Army  posts,  and  there  is  significant  archeological 
evidence  of  long  prehistoric  occupation  and  use. 

The  opportunity  to  review  your  report  has  been 
appreciated. 


Very  truly  yours, 

/ s/  M.  R.  Tillotson 

Mc  R.  Tillotson 
Regional  Director 
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U1II  OSD  SHADES  DEHA RTMEHT  OP  COMI1ERCS 
limHHER  BUREAU 
Area  Hydrologic  .Engineer 


501  U.  Sc  Court  House 
Port  Horth  2,  Texas 
August  21,  1950 


Regional  Director 
Department  of  Agriculture 
Soil  Conservation  Service 
Al 0 uquer que , IT e w M ex i c 0 

Dear  Sir: 

tie  have  reviewed  the  Survey  Report  of  the  Pecos 
River  watershed  which  you  forwarded  to  us  under  your 
letter  of  August  11,  1950.  The  Weather  Bureau  has  no 
comment  to  make  concerning  the  report*  Please  furnish  a 
copy  of  the  final  report  to  Weather  Bureau  Office,  Wash- 
ington, D.  C« ; also  one  copy  to  this  office. 

Very  truly  yours, 

/ s/  R*  Jo  MacConnell 

R*  J#  MacConnell 
Acting  Area  Hydrologic  Engineer 


DPEaOTllDHT  OP  CCJLZDCD 
TJ.  S,  COAST  A1TD  GD0D3TIC  SuDVHY 

311  U.  S*  Court  House 
Port  Horth,  Texas 


1 September  19^0 


To:  Regional  Director 

TJ*  S0  Soil  Conservation  Service 
All uque roue,  Hew  Mexico 

Subject:  Survey  Deport,  Pecos  Diver  watershed 

TJ*  S.  Department  of  agriculture  - July  1950 


I have  read  with  interest  the  report  on  the  Pecos 
Diver  water  shed  submitted  to  me  and  have  no  comment  to 
make* 


In  connection  with  this  report,  however,  we  would 
like  to  call  your  attention  to  our  principal  interest 
in  river  basin  development  projects*  The  TJ*  S*  Coast 
and  Geodetic  Survey  desires  to  maintain  close  contact 
vrith  agencies  concerned  vrith  river  basin  development, 
to  the  end  that  horizontal  and  vertical  control  survey 
data  are  available  for  surveying  and  mapping  projects 
necessary  in  studies  of  development  of  these  river 
basins*  A requisite  for  investigation  of  terrain  cover- 
ing areas  of  any  extent  is  basic  horizontal  and  vertical 
control  survey  data,  so  that  surveys  and  maps  are 
coordinated  on  a common  datum. 

/ s/  Benjamin  E.  Digg 

Benjamin  H.  Digg 

Captain,  7J*S,C.  & G,  S. 

Officer  in  Charge 
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imEBAL  POWER  C0MMIS3IC1T 
RHC-IOHA L GPPICE 

412  lleil  P.  Anderson  Building 
Port  Worth  2,  Texas 

August  23,  1950 


I-lr*  Robert  V.  Boyle 
Acting  Regional  Director 
U.  S.  Department  of  Agriculture 
Soil  Conservation  Service 
Albuquerque,  Hew  Mexico 

Subject:  Survey  Report  — Pecos  River  Watershed 

Hew  Mexico  and  Texas,  dated  July  1950, 

United  States  Department  of  Agriculture 

Dear  Mr.  Boyle: 

This  is  in  reply  to  your  letter  of  August  11,  1950,  which 
transmitted  the  subject  report  and  invited  our  comments.  A commentary 
statement  based  upon  a review  of  the  subject  report  is  submitted 
herein. 

The  authority  for  the  subject  report  is  submitted  under 
the  provisions  of  the  Act  approved  June  22,  193^  (49  Stat,  1570)  as 
amended  and  supplemented  by  the  Act  approved  June  28,  1938  (52  Stat. 
1215) . 


The  purpose  and  scope  of  the  report  is  to  outline  a program 
of  runoff  and  water-flow  retardation  and  soil  erosion  prevention  for 
the  Pecos  River  watershed  in  Hew  Mexico  and  Texas,  together  with 
recommendations  for  installing  and  maintaining  the  program,  and  a 
cost  and  benefit  analysis.  The  program  covers  a large  portion  of  the 
33,200  square  miles  of  the  Pecos  River  Basin. 

Based  upon  1948  prices,  the  recommended  program  would  cost 
$20,126,300  for  installation  over  a period  of  15  years,  and  of  this 
sum  $15,676,900  would  be  federal  funds  and  $4,4%,4X)  non-fcderal 
funds.  The  annual  operating  and  maintenance  cost  is  estimated  at 
$337,840,  and  the  installation  cost  is  $566,853,  making  the  total 
annual  costs  amount  to  $904,693* 

The  average  annual  benefits  for  the  recommended  plan  amount 
t°  $5,595,200.  The  structural  phase  of  the  program  would  be  accom- 
plished in  15  years,  but  the  land  improvement  phase  would  continue  for 
an  additional  15— year  period. 


Mr.  Robert  V.  Boyle 
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The  Department  of  Agriculture*  s Survey  Report  on  the  Pecos 
River  watershed,  together  with  supplementary  information  and  data, 
have  "been  reviewed  by  the  staff  of  the  Pcderal  Power  Commission, 

Port  Worth  Regional  Office,  Port  Worth,  Texas, 

The  proposed  program  is  essentially  one  of  runoff  and  water— 
flow  retardation,  and  soil  erosion  prevention,  with  the  object  of 
reducing  flood  and  sediment  damage  and  to  conserve  water*  The  report 
docs  not  include  or  affect  the  development  of  hydroelectric  power, 
except  to  the  extent  that  some  of  the  salvaged  water  would  enter  Red 
Bluff  Reservoir  for  use  in  Texas  as  required  under  the  Pecos  River 
Compact.  The  salvaged  water  arriving  at  Red  Bluff  may  add  somewhat 
to  the  energy  output  at  that  power  plant. 

The  staff  recognizes  the  need  for  improved  water  conser- 
vation measures  in  the  Pecos  River  Basin,  based  on  a long  range  plan 
to  overcome  the  rapid  storage  depletion. 

In  view  of  these  considerations,  it  is  the  opinion  of  the 
staff  of  the  Commission  that  the  effect  of  the  Departments  water- 
shed program  upon  the  magnitude  and  annual  value  of  the  hydro- 
electric power  potentialities  of  the  Pecos  River  is  insignificant 
as  compared  to  the  other  benefits  which  would  be  derived  from  the 
recommended  plan  of  improvement 0 

This  office  appreciates  this  opportunity  for  cooperative 
examination  of  the  subject  report.  The  report  and  its  appendices 
have  been  retained  for  our  files. 

Very  truly  yours, 

/ s/  Wilbur  P.  Pairlamb 

Wilbur  P.  Pair lamb 
Regional  Dnginccr 
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STATE  07  W MEDICO 
(SEAL) 


OBEICE  07 
STATE  ENGIBEKR 
Santa  Be 

September  25,  1950 


Mr*  Cyril  Luker 

Regional  Director 

Soil  Conservation  Service 

U.  S,  Department  of  Agriculture 

Albuquerque,  Dew  Mexico 

Dear  Mr,  luker: 

In  compliance  with  your  request  to  Mr*  Berkeley 
Johnson,  Chairman  of  the  Pecos  Biver  Commission  for 
review  by  the  members  of  the  Commission  of  the  survey 
report,  Pecos  Biver  Watershed  — Dev;  Mexico  and  Texas, 
dated  July,  1950,  Mr,  Johnson  furnished  this  office 
with  a copy  of  that  report  for  review.  We  have  studied, 
the  report,  and  find  nothing  at  this  time  upon  which 
we  care  to  make  comments  or  suggestions. 

As  you  know,  we  have  followed  the  preparation  of 
this  report  for  some  time,  and  we  feel  that  it  has 
been  very  well  prepared  and  evidences  a great  deal  of 
careful  study  and  work  on  the  part  of  your  staff* 

Very  truly  yours, 

/ s/  John  H.  Bliss 

John  H,  Bliss 
State  Engineer 
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BGA33  OB  ¥ATBR  BiijGISBSaS 
STATS  OS  TBIA5 
Austin 

September  6,  1950 


Mr.  Paul  H.  Valser 
State  Conservationist 
P.  0*  Pox  417 
Temple,  Texas 

Pear  Mr.  ¥alser ; 

Peference  is  made  to  your  letter  of  August  2S,  1950 > concern- 
ing the  revised  preliminary  draft  of  the  U3PA  Survey  Pepcrt,  Pecos  Piver 
watershed,  IJew  Mexico  and  Texas,  which  outlines  a program  for  runoff  and 
waterflow  retardation  and  soil  erosion  prevention. 

The  program  embraces  a large  and  important  area  in  the  State, 
and  the  need  of  a program  for  prevention  of  soil  erosion  and  flood  control 
is  certainly  realized,  and  it  is  hoped  such  a program  may  eventually  be 
authorized.  The  saving  of  water  by  elimination  of  salt  cedars  is  con- 
sidered also  to  be  a much  needed  project. 

As  to  eradication  of  salt  cedars  on  the  Pecos  Piver  watershed, 
it  is  believed  the  program  should  include  also  eradication  of  the  salt 
cedars  around  the  Ped  Bluff  P.eservoir,  and  at  other  points  along  the  river 
where  their  growth  is  increasing.  Salt  cedar  growth  has  become  a serious 
problem  in  Texas  as  well  as  Pew  Mexico. 

Comments  cannot  be  made  on  the  cost  or  adequacy  of  reservoirs, 
floodway  systems,  channel  improvements,  or  other  items  until  tentative 
plans  for  their  construction  have  been  received.  In  general,  it  is 
hoped  that  any  reservoirs  to  be  constructed  can  be  located  to  provide 
storage  to  meet  the  needs  for  conservation  as  well  as  for  the  proposed 
project.  It  is  assumed  that  this  Board  will  have  an  opportunity  to 
examine  and  comment  on  individual  plans  for  all  the  hydraulic  structures 
to  be  located  on  the  various  streams  in  Texas. 

Provided  the  proposed  construction  will  not  interpose  any 
difficulty  to  the  delivery  of  water  to  the  Ped  Bluff  Peservoir  within 
the  purview  of  the  Pecos  Piver  Compact,  the  Board  of  Water  Engineers 
concurs  in  your  recommendation  for  installation  of  a program  of  runoff 
and  water  flow  retardation  and  soil  erosion  prevention  in  the  Pecos 
Piver  watershed  in  ITew  Mexico  and  Texas. 

/ s/  H.  A.  3eckwith 

/s/  A.  P.  Poll ins 


BO  APB  OP  Y/ATBP  B11G-IHHEBS, 
STATS  OP  TUBLS 


TEXAS  STATS  SOIL  GQITSERYATIOIT  BO  ALL 
Temple 

August  31?  1950 


Mr*  Paul  E*  Walserv  State  Conservationist 
Soil  Conservation  Service 
P*  0.  Box  417 
Temple,  Texas 

Dear  Mr*  Walser: 

Me  have  examined  with  much  interest  the  revised  draft  of  the 
U*S*D*A,  Plood  Control  Survey  Peport  on  the  Pecos  River 
Watershed  in  Hew  Mexico  and  Texas  as  prepared  by  your  Albu- 
querque regional  office. 

I do  not  feel  that  we  are  qualified  to  comment  extensively 
on  this  report  as  we  do  not  have  a registered  engineer  in 
our  department*  As  a layman,  I do  have  some  first  hand 
knowledge  of  conditions  in  the  area  gained  by  on  the  ground 
observation* 

The  findings  in  this  report  seem  to  fully  justify  the  pro- 
cedures and  expenditures  recommended*  The  division  and 
sharing  of  the  expense  incidental  to  the  accomplishment  seems 
to  bo  well  founded*  There  can  be  no  question  as  to  the  need 
for  action  in  this  particular  area* 

Yours  very  sincerely, 

/ s/  Y.  C.  Marshall 


Executive  Director 
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INTRODUCTION1 


1.  Purpose  and  scope, — The  ax^pendix  supplements  the  survey  report  for 
the  Pecos  River  Watershed  and  outlines  in  detail  a program  of 
watershed  treatment  measures  for  run-off  and  waterflow  retardation 
and  soil  erosion  prevention  in  the  interest  of  flood  control*  It 
describes  watershed  conditions  and  flood  problems;  methods  and 
procedures  used  in  estimating  flood  damage;  program  recommendations, 
appraisals,  and  costs. 

G-ENERAL  DESCRIPTION  OP  WATERSHED 

2*  Location  and  size. — The  Pecos  River  Watershed  heads  above  Las  Vegas 
in  the  mountains  of  north  central  New  Mexico  and  extends  southward 
across  western  Texas  to  the  Rio  G-rande  (map  l) . The  watershed 
embraces  about  44,500  square  miles,  of  which  25»450  are  in  New 
Mexico  and  19,050  are  in  Texas.  This  area  includes  about  11,300 
square  miles  of  inland  drainage  from  which  no  surface  run-off  ever 
reaches  the  Pecos  River  drainage  system.  A major  portion  of  the 
closed  basin  lies  east  of  the  river  in  the  central  portion  of  the 
watershed.  Por  the  purpose  of  this  report  only  the  direct  contrib- 
uting area,  or  approximately  33>200  square  miles,  is  considered. 

The  watershed  is  approximately  525  miles  long,  and  the  width  varies 
from  about  JO  miles  on  cither  end  to  100  miles  in  the  central 
(widest)  part. 

3*  Rhys i ogr aphy . — The  Pecos  River  Basin  comprises  the  southwestern 
portion  of  the  G-rcat  Plains  province.  It  is  bordered  on  the  north 
by  the  Sangre  dc  Cristo  Range,  on  the  west  by  foothills  and 
Jicarilla,  Sierra  Blanca,  Sacramento,  Guadalupe,  Delaware,  and 
Davis  Mountains,  and  on  the  east  by  low  foothills  and  the  ^Staked 
Plains. n 

4*  The  topographic  features  range  from  the  narrow,  V-scction  mountain- 
ous valleys  through  rugged  conyons  and  dissected  plains  to  gently 
sloping  and  almost  level  surfaces.  Along  the  middle  reach,  thick 
alluvial  deposits  floor  the  valley  for  many  miles.  Major  tributary 
drainages,  including  Cicncga  del  Macho,  Rio  Hondo,  Rio  Penas co, 

Toyah  and  Limpia  Creeks,  head  in  the  steci)  mountains  which  fringe 
the  western  edge  of  the  watershed.  These  drainages  cut  across  the 
valley  floor  to  enter  the  Pecos  at  right  angles  to  its  direction 
of  flow.  In  its  lower  course,  the  river  cuts  across  the  Edwards 
Plateau  for  approximately  one  hundred  miles.  This  roach,  to  its 
junction  with  the  Rio  G-rande,  occupies  a canyon  of  moderate  to 
strong  relief  trenched  in  the  limestone  of  a young  plateau. 
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5.  Closed  basin  areas. — One  large  continuous  tract  east  of  the  river 
in  the  central  portion  of  the  'watershed  and  several  small  tracts 
in  the  north  central  portion  make  up  the  11,300  square  miles  in 
closed  basins  (map  l).  Run-off  from  these  areas  finds  its  Tray  into 
scattered  lakes  end  sinkholes.  Some  surface  iratcr  reaches  under- 
ground channels  and  reappears  as  springs  along  the  Pecos  River. 

6.  Area  considered  by  survey. — Only  the  direct  drainage  portion  of 
the  watershed  ( approximate ly  33*200  sq.  mi. ) was  considered  in 
conducting  the  survey  since  flood  and  sediment  damages  arc  of  little 
consequence  in  the  closed  basin  areas. 

PHYSICAL  FEATURES  OP  VIA  TER  SUED 

7.  General.— The  water  shod  is  stoop  and  mountainous  on  the  northern  and 
western  edges,  gently  sloping  to  hilly  in  the  central  portion  between 
the  mountains  and  the  high  plains,  gently  undulating  east  of  the 
river,  and  gently  sloping  to  rolling  south  of  Girvin,  Texas.  Streams 
dissect  every  part  of  the  watershed  except  the  closed  basin  areas 

and  arc  deeply  entrenched  in  the  northern  and  southern  sections.  A 
large,  nearly  level  to  gently  sloping  alluvial  plain  approximately 
200  miles  long  and  10  to  30  miles  vide  is  a distinguishing  feature 
of  the  middle  basin  area.  Elevations  range  from  slightly  loss  than 
1,000  feet  at  the  confluence  of  the  river  with  the  Rio  Grande  to 
over  13,000  feet  in  the  northern  mountains. 

3.  Climate. — The  climate  of  the  Pecos  River  Rosin  is  temperate  and  con- 
tinental in  type,  with  cool  v inters  and  farm  summers.  Rainfall  is 
light  to  moderate,  relative  humidity  Ion,  and  sunshine  abundant. 
Climatic  conditions  vary  considerably  and  arc  due  to  geographical 
location,  differences  in  elevation,  and  topography.  Annual  precip- 
itation ranges  from  10  to  12  inches  in  the  lor;  central  plains  area 
to  as  much  as  30  inches  in  the  high  mountains.  The  Edvards  Plateau 
and  the'  high  plains  area  on  the  south  and  eastern  part  of  the 
watershed  receive  lo  to  20  inches  of  moisture.  This  area  is  nearest 
to  the  Gulf  of  liexico,  which  is  tho  source  of  most  rainfall. 

Table  1 shows  the  average  monthly  end  annual  precipitation  for 
selected  stations  in  the  Pecos  River  vra  ter  shed  and  vicinity. 

9*  Approximately  73  to  80  percent  of  the  annual  precipitation  comes  during 
Hay  through  October,  the  growing  season.  Periods  of  prolonged  drought 
are  not  uncommon,  and  many  stations  have  recorded  less  than  four  inches 
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Table  1—  AVERAGE  MONTHLY  AND  ANNUAL  PRECIPITATION 
Pa 008  Watershed  and  Vicinity  - Heir  Mexioo  and  Texas 


Station 

« t 

i County  « 

t i 

Years 

of 

reoord 

Elevation 

1 

t Jen* 
s 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Annual 

NEW  MEXICO 

t s 

t 

Arabela  (near) 

> Llnooln  i 

6 

6,700 

t 0.97 

0.40 

0.92 

1.13 

1.16 

2.66 

2.76 

4.69 

3.49 

1.81 

1.11 

0.40 

21.76 

Artesia 

i Eddy  i 

25 

3,560 

« 0.29 

0.64 

0.68 

1.06 

0.98 

1.34 

2.21 

1.42 

1.46 

1.42 

0.66 

0.53 

12.48 

Boat 

i Chaves  « 

22 

4,154 

i 0.23 

0.32 

0.66 

0.96 

1.28 

1.62 

1.96 

2.17 

1.92 

1.42 

0.46 

0.43 

13.42 

Oapitan 

i Llnooln  * 

21 

6,548 

i 0.59 

0.69 

0.80 

0.83 

1.07 

1.62 

3.61 

3.09 

1.87 

0.96 

0.47 

0.79 

16.28 

Carlsbad 

« Eddy  i 

SS 

5,120 

t 0.32 

0.35 

0.64 

0.77 

0.76 

1.79 

2.39 

1.88 

1.71 

1.41 

0.67 

0.64 

13.05 

Carson  Seep  R.S 

i Eddy  i 

16 

6,600 

l 0.67 

0.67 

0.86 

1.12 

1.41 

1.65 

3.51 

3.50 

2.69 

1.61 

0.88 

0.85 

19.00 

Cloudoroft 

« Otero  « 

28 

8,660 

i 1.49 

1.46 

1.39 

0.79 

0.94 

1.47 

4.64 

4.76 

2.72 

1.64 

1.30 

1.37 

23.77 

Clovis 

l Curry  « 

20 

4,262 

i .23 

.46 

.74 

1.61 

1.98 

2.89 

2.68 

2.97 

2.21 

1.81 

.46 

.66 

18.69 

Corona 

t Llnooln  < 

21 

6,666 

i .56 

.71 

.86 

.83 

.96 

1.31 

2.65 

2.38 

1.15 

1.04 

.46 

.79 

13.59 

Cuervo 

i Guadalupe  s 
t t 

21 

4,849 

f *22 
i 

.46 

.66 

.99 

1.61 

1.43 

1.98 

1.93 

1.41 

1.38 

.51 

.63 

13.11 

Doretta 

t t 

i San  Miguel i 

12 

6,381 

t 

t #64 

.64 

1.34 

1.07 

1.89 

1.14 

3.27 

2.59 

1.90 

1.23 

.43 

.66 

16.69 

Duran 

» Torranoe  » 

22 

6,272 

i .41 

.62 

.80 

.92 

1.30 

1.46 

2.64 

2.55 

1.36 

.97 

.46 

.65 

14.14 

Blida 

i Roosevelt  I 

14 

4,346 

l 0.20 

0.26 

0.61 

1.26 

1.67 

2.38 

2.19 

2.26 

1.96 

1.34 

0.43 

0.61 

16.07 

Elk  (near) 

i Chaves  I 

19 

6,560 

i 0.41 

0.39 

0.46 

0.64 

1.09 

1.45 

4.71 

3.05 

2.28 

1.84 

0.80 

0.68 

17.07 

Pto  Stanton 

i Llnooln  i 

52 

6,231 

i 0.50 

0.61 

0.76 

0.68 

0.90 

1.61 

3.21 

3.50 

2.03 

1.21 

0.67 

0.74 

16.12 

Ft*  Summer 

i DeBaoa  > 

20 

4,028 

i .57 

.65 

.88 

.97 

1.49 

1.82 

2.42 

2.56 

1.33 

1.46 

.78 

.89 

16.61 

Ft.  Onion 

i Mora  » 

22 

6,885 

l .46 

.49 

.62 

.89 

1.63 

2.33 

3.72 

3.67 

2.03 

1.11 

.62 

.54 

18.01 

Qallin&s  Pl.S 

t San  Miguel i 

22 

7,600 

i .66 

1.31 

1.66 

1.76 

2.31 

2.50 

6.56 

4.36 

2.01 

1.61 

.86 

.90 

26.39 

Gallinas  E.S. 

> Llnooln  t 

20 

6,636 

l .64 

.66 

.86 

.87 

1.12 

1.08 

2.66 

2.18 

1.36 

1.10 

.47 

.84 

13.83 

Harvey’s  U.R. 

i San  Miguel i 

15 

9,400 

> 1.61 

1.84 

2.37 

2.62 

2.41 

3.43 

5.96 

6.10 

2.16 

2.49 

1.10 

1.54 

35.43 

Hope 

» Eddy  t 

16 

4,000 

J C.S9 

0.60 

0.86 

0.45 

1.47 

1.78 

1.96 

1.52 

2.10 

1.18 

0.49 

0.64 

13.43 

Lagunita 

i DeBaoa  i 

19 

4,500 

« .39 

.50 

.68 

1.16 

1.13 

1.66 

2.15 

2.17 

1.73 

1.31 

.74 

.72 

14.34 

Lake  Avalon 

« Eddy  » 

16 

3,200 

i 0.25 

0.27 

0.53 

0.86 

1.01 

1.38 

1.56 

1.75 

1.66 

1.41 

0.40 

0.67 

11.64 

Las  Vegas 

i San  Miguel i 

57 

6,400 

< .42 

.77 

.72 

1.14 

1.82 

1.90 

3.68 

3.19 

1.87 

1.11 

.68 

.64 

17.94 

Loving 

i Eddy  i 

12 

3,045 

> 0.26 

0.36 

0.42 

0.69 

1.2S 

1.12 

1.46 

1.97 

1.47 

1.62 

0.64 

0.46 

11.66 

May  hi  11  B.S. 

« Otero  i 

14 

6,400 

l 0.62 

0.51 

0.66 

0.52 

1.43 

1.57 

3.93 

4.10 

2.49 

1.86 

0.77 

0.56 

19.03 

Melrose 

i Curry  > 

19 

4,400 

l .32 

.42 

.86 

1.62 

1.57 

2.27 

2.26 

2.69 

2.09 

1.44 

.66 

.64 

16.74 

Mineral  Hill 

i San  Miguel i 

18 

7,060 

J .70 

.99 

.98 

2.03 

1.33 

2.42 

4.21 

3.62 

1.72 

1.63 

.88 

.eo 

21.11 

Montoya 

t Quay  t 

22 

4,336 

i .19 

.47 

.62 

1.11 

1.48 

1.66 

1.83 

2.36 

1.22 

1.58 

.61 

.68 

13.61 

Nogal 

i Llnooln  i 

12 

8,000 

l 1.86 

1.11 

1.36 

1.46 

1.20 

1.86 

4.66 

4.12 

2.20 

1.42 

0.98 

1.61 

23.81 

Onava 

i San  Miguel i 

21 

6,700 

i .32 

.70 

.76 

1.06 

1.69 

1.90 

3.07 

3.38 

1.44 

1.16 

.40 

.63 

16.40 

Falsa 

i Torranoe  i 

16 

7,000 

i .46 

.62 

.92 

.79 

.76 

.86 

1.93 

1.61 

.93 

.94 

.57 

.72 

11.00 

Park  Springs 

i San  Miguel i 

14 

5,100 

« .47 

.61 

.58 

.98 

1.59 

1.84 

3.01 

2.12 

1.86 

1.02 

.77 

.73 

15.57 

Pastura 

< Guadalupe  t 

20 

6,285 

i .27 

.53 

.52 

.83 

1.30 

1.45 

1.96 

2.44 

1.64 

1.26 

.36 

.68 

13.13 

Peuos  E.S. 

< San  Miguel t 

10 

6,900 

l .69 

.75 

1.13 

1.24 

1.77 

1.01 

2.91 

2.52 

1.88 

1.32 

.49 

.59 

16.30 

Portales 

i Roosevelt  > 

21 

4,004 

i .21 

.42 

.86 

1.50 

2.11 

2.39 

2.63 

2.66 

2.13 

1.41 

.67 

.72 

17,66 

Rioliland  (near) 

i Roosevelt  I 

17 

4,000 

« 0.27 

0.26 

0.59 

1.10 

1.28 

1.98 

2.16 

2.04 

2.06 

1.36 

0.60 

0.62 

14.20 

Eo swell 

i Chaves  < 

57 

3,602 

t 0.49 

0.66 

0.73 

0.87 

1.11 

1.75 

2.26 

2.16 

2.02 

1.46 

0.84 

0.64 

14.88 

Santa  Sosa 

i Guadalupe  i 

21 

4,624 

t .38 

.53 

.58 

.80 

1.65 

1.61 

2.33 

2.66 

1.40 

1.32 

.44 

.66 

14.38 

Torranoe 

» Torranoe  « 

17 

6,433 

i .46 

.69 

.59 

.67 

.67 

1.25 

2.77 

2.43 

1.52 

.86 

.29 

.79 

12.89 

Trementina 

t San  Miguel i 

20 

6,000 

l .29 

.49 

.67 

1.38 

2.09 

1.92 

2.12 

2.41 

1.61 

1.60 

.66 

.64 

15.68 

Valmora 

> Mora  i 

11 

6,200 

l .34 

.63 

1.08 

1.01 

2.29 

1.97 

3.47 

3.28 

1.75 

1.15 

.51 

.46 

17.94 

Vaughn 

< Guadalupe  < 

21 

5,930 

i .34 

.49 

.53 

.84 

1.53 

1.32 

2.49 

1.76 

1.86 

1.29 

.37 

.64 

13.46 

Weed  R.S. 

• Otero  * 

11 

7,200 

« 0.91 

0.74 

1.03 

0.60 

1.64 

1.88 

4.61 

4.34 

2.19 

1.78 

0.82 

0.83 

21.27 

White  Tail 

« Otero  « 

14 

7,000 

i 0.93 

0.66 

1.26 

0.83 

1.62 

1.67 

6.06 

4.25 

2.19 

1.61 

0.87 

1.02 

21.76 

Winsor's  Ranch 

, San  Miguel, 

28 

8,000 

, 1.13 

1.60 

1.72 

1.70 

2.00 

1.97 

4.64 

3. 64 

2.08 

1.83 

1.10 

1.14 

24.55 

TEXAS 

i : 

f 

: 

s 

Alpine 

< Brewster  i 

8 

4,482 

» .14 

.36 

.62 

.49 

1.00 

1.86 

2.24 

2.16 

2.24 

1.50 

.70 

.79 

14.10 

Balmorhea 

i Reeves  i 

7 

3,225 

i .16 

.49 

.58 

.88 

.98 

1.27 

1.92 

2.21 

2.16 

1.71 

.60 

.72 

13.67 

Bars tow 

i Ward  i 

15 

2,573 

t .18 

.26 

.44 

.64 

.67 

.79 

1.59 

1.27 

1.86 

1.67 

.77 

.60 

10.64 

Buena  Vista 

i Pecos  < 

18 

2,416 

i .32 

.47 

.46 

1.30 

1.36 

1.07 

.73 

1.63 

2.27 

1.36 

.79 

.45 

12.20 

Cobs took 

i Val  Verde  i 

l .62 

.11 

.36 

4.82 

2.86 

3.42 

1.49 

1.66 

2.46 

.68 

.92 

.48 

19.67 

Del  Rio 

» Val  Verde  i 

26 

957 

l .40 

.77 

.90 

1.65 

2.31 

2.04 

2.34 

1.36 

2.28 

2.57 

1.33 

.69 

18.63 

Ft.  Davis 

i Jeff  Davis i 

22 

4,800 

l .47 

.46 

.36 

.68 

1.16 

1.84 

3.17 

3.46 

2.68 

1.36 

.60 

.64 

16.66 

Ft.  Stockton 

t Psoas  i 

33 

5,060 

l .58 

.62 

.66 

.76 

1.48 

1.70 

1.88 

2.17 

2.90 

1.40 

.71 

.67 

15.13 

Grand  Falls 

i Ward  > 

18 

2,300 

i .22 

.60 

.72 

1.17 

1.14 

1.02 

.99 

1.65 

2.17 

1.36 

.64 

.64 

12.01 

Honey 

i Peuos  i 

7 

3,760 

i .20 

.73 

.46 

.65 

1.53 

.98 

1.52 

2.71 

2.18 

2.14 

.46 

.67 

14.12 

Kent 

i Culberson  > 

8 

4,213 

l .43 

.44 

.28 

.43 

.66 

1.68 

2.14 

2.17 

1.93 

1.28 

.92 

.47 

12.73 

Marathon 

i Brewster  i 

7 

4,043 

f .50 

.78 

.52 

1.02 

1.82 

2.61 

2.41 

1.82 

2.67 

1.41 

1.02 

1.05 

17.53 

Marfa 

i Presidio  i 

7 

4,689 

i .15 

.41 

.47 

.69 

.53 

2.38 

2.0? 

1.64 

1.63 

.91 

.66 

.58 

12.11 

Midland 

i Midland  i 

22 

2,779 

i .46 

.74 

.64 

1.48 

2.17 

1.95 

1.51 

2.00 

2.02 

1.68 

.73 

.63 

16.91 

Sanderson 

« Terrel  i 

8 

2,777 

l .40 

.22 

.24 

.69 

2.17 

1.62 

.63 

.36 

2.06 

2.10 

.62 

.57 

12.08 

Sub-Station  #14 

t Sutton  i 

t i 

9 

2,600 

l .61 
t 

1.13 

1.58 

2.18 

3.10 

2.39 

1.47 

1.76 

2.73 

3.93 

1.37 

1.69 

23.94 
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of  precipitation  during  certain  years.  On  the  other  extreme,  2h  hour 
rainfalls  of  7.71  and  8.88  inches  have  toon  recorded  at  Arabcla,  Her; 
Mexico,  and  Del  Rio,  Texas,  respectively.  In  the  mountain  ranges  much 
of  the  precipitation  is  in  the  form  of  snow.  The  Davis  Mountains 
receive  8 to  10  inches  of  s nor;  annually,  the  unite  Mountains  receive 
30  to  70  inches,  and  the  Seng  re  do  Cristo  Range  receives  as  much  as 
80  to  90  inches  annually.  From  the  I'crv  Mexico -Texas  state  line  to 
the  mouth  of  the  Pecos,  snowfall  is  negligible  except  for  the  mountain 
ranges# 


10.  The  mean  annual  temperature  for  stations  within  the  watershed  varies 
from  69.2  degrees  at  Del  Rio  to  i+l.l  degrees  at  Harvey’s  ranch  above 
Pecos,  Hew  Mexico,  in  the  upper  watershed.  Temperatures  of  llii 
degrees  have  been  recorded  at  Earstow  and  Fort  Stockton,  Texas. 

Vfintcr  temperatures  as  lor;  an  minus  31  degrees  have  been  recorded  at 
Las  Vegas,  How  Mexico.  The  length  of  the  growing  season  Varies  from 
155  days  at  Las  Vegas,  Mew  Mexico,  to  277  days  at  Del  Rio,  Texas. 

11.  Annual  evaporation  routes  vary  from  50  inches  near  Santa  Fc  to  71*4 
inches  at  Avalon  Reservoir,  Carlsbad.  Minds  from  the  south  and  south- 
west prevail  during  all  but  the  winter  months  when  they  are  from  the 
west.  The  highest  average  wind  velocities  occur  during  the  spring 
months  and  velocities  of  SO  miles  per  hour  have  boon  recorded. 


Geology 


12,  Pliys  i o gr  aphi  c dev  cl  o pment . — Geologic  structure  and  the  character  isti  cs 
of  the  formations  have  been  controlling  factors  in  the  development  of 
the  topography  of  the  Pecos  River  water shed.  'Diminishing  precipitation, 
solution  and  removal  of  materia.  Is , subsidence,  end  headward  crosier, 
have  been  the  principal  agents  in  fashioning  the  present  lend  surface. 
Available  evidence  indicates  that  development  of  this  drainage  system 
ha.s  taken  place  during  Pleistocene  and  Recent  geologic  tine.  Figure  1 
illustrates  the  interpreted  early  drainage  pattern  as  compared  with 

the  present. 

13.  The  a.lluvium  of  the  Llano  Estaca.do  (Staked  Plain)  extended  westward  to 
the  eastern  foot  of  the  Rocky  Mountains  at  the  close  of  the  Pliocene 
epoch.  This  broad  apron  of  sediments  was  laid  d own  by  large  streams 
originating  in  the  mountains  under  humid  conditions.  It  is  proba.blc 
that  as  the  dcpositioiial  surface  neared  final  development,  an  increas- 
ingly arid  climate  reduced  the  flow  of  the  streams.  They  were  unable  t. 
maintain  through  channels  across  the  lowlands  and  a„s  a.  result  large 
amounts  of  water  percolated  underground.  The  increased  subsurfa.ee 


Evolution  of  the  physiography  of  northwest  Texas  and  southeastern 
New  Mexico.  A,  Area  during  Pliocene  times  showing  alluvial  deposits  east  of 
the  high  mountains  in  New  Mexico.  B,  Area  during  present  epoch  showing 
capture  of  eastward- flowing  streams  of  Pliocene  times  by  the  head-waters  of 
Pecos  River. 


Figure  I 


REFERENCE.  Bulletin  3232,  page  770,  The  Geology  of  Texas, 

Voi  I,  Stratigraphy  Bureau  of  Economic  Geology, 

university  of  Texas,  1932.  6-L- I 3078  - I (15) 
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f 1 017  dissolved  and  removed  thick  soluble  hods  of  early  Triassic  and 
Permian,  ago,  which  lay  at  relatively  shallow  depths  beneath  the  alluvial 
mantle . 


iL..  In  time  "sinks"  developed  due  to  the  collapse  of  the  solution  cavities. 

The  location  and  position  of  the  soluble  formations  (salt,  anhydrite,  and 
limestone)  set  the  pattern  for  a series  of  depressions  which  gradually 
developed  across  the  existing  surfa.ee  slope.  The  chain  of  "subsidence 
areas"  extended  in  a general  north-south  direction  along  the  strike  of 
the  soluble  beds.  The  individual  "sinks"  became  connected  through 
continued  solution  and  by  erosion  duo  to  overflow  during  floods.  In 
this  'way  an  elongated  depression  or  trough  was  formed  approximately  at 
right  angles  to  the  former  stream,  channels.  Meanwhile  a tributary  of 
the  ancestral  Rio  Grande,  advancing  north  by  headward  erosion,  reached 
the  southern  area  of  sinks.  Eventually,  this  stream  worked  northward 
through  the  chain  of  sinks  and  intercepted  the  eastward  flowing  streams 
to  form  the  present  Pecos  River  system. 


15. 


Stratigraphy. --Sedimentary  rocks,  ranging  from  early  Carboniferous  to 
Recent  geologic  time,  outcrop' over  the  major  portion  of  the  watershed. 
Igneous  and  nctamorphic  rocks,  undifferentiated  as  to  clams  or  age, 
occupy  a limited  area  in  the  uplands  on  the  west.  Map  2 shows  the 
areal  distribution  of  the  several  f or mat ions , a brief  description  of 
which  follows • The  oldest  of  the  strain.,  the  Magdalena  limestone 
(Pennsylvanian)  outcrops  in  a small  area,  on  the  headwaters  of  the  Pecos 
Rivor.  Mere  the  formation  consists  of  a scries  of  dark  to  gray,  dense, 
f ossiliforous  limestones.  The  layers  a.re  jointed,  thin  to  thick  bedded 
and  inter  lain  with  gra3r  and  red  shale  and  sandstone  members. 


16.  The  Chupadcra  Group.— (Permian)  is 'exposed  over  much  of  the  western 

half  of  the  watershed.  This  group,  shown  or  the  geologic  map-  as  including 
the  Moo  sandstone  and  the  Delaware  Mountain  formation,  covers  an  area, 
greater  than  any  of  the  other  formations.  Because  of  their  extensive 
exposure  and  peculiar  physical  characteristics,  the  Chupadcra  strata 
have  been  an  important  factor  in  the  physiographic  and  cultural  develop- 
ment of  tho  Pecos  section.  Some  members  of  the  forme,tion  me  subject 
to  rapid  lateral  gradation  of  facies  such  as  the  change  from  anhydrite 
to  limestone  of  the  Son.  Andres  in  the  valley  north  of  Roswell.  Figure 
2 illustrates  tho  gradations  which  occur  longitudinally  in  the  Hew 
Mexico  portion  of  tho  area.  The  Chalk  Bluff,  or  T.Iiitchorso  group, 
thickens  south  of  Mrtesia,  grading  into  the  Delaware  Mountain  group  o.s 
indicated  on  Figure  2. 


17. 


The  upper  Permian  beds  comprise  the 
nations.  These  beds  outcrop  in  the 
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Areas  1 to  8 are  subwatersheds 
considered  during  survey. 
Information  for  watershed  as  a 
whole  presented  in  survey  report. 
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(?)  Abo  ss. 

(?)  Glorieto  ss. 

(4)  Santa  Rosa  ss. 

^)  Yeso  fm. 

(?)  Chalk  Bluff  fm. 

(7)  Hondo  ss. 
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Figure  2 

GEOLOGIC  CROSS  SECTION  ALONG  THE  PECOS  RIVER 
PECOS,  NEW  MEXICO  TO  THE  STATE  LINE 

10  5 O IQ 20  30 40  50 

Scale  in  Miles 


REFERENCE:  Prepared  by  A.  M.  Morgan,  U.S.G.S.,  Department  of  the  Interior.  Plate  I.  Geologic  Cross  Section  along 
the  Pecos  River  from  Pecos,  New  Mexico  to  the  State  Line.  The  Pecos  River  Joint  Investigation  Reports  of 
Porticipoting  Agencies -194 2.  National  Resources  Planning  Board. 
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HcIIillan . They  extend  southward  in  a "broad  hand  along  the  river  and 
on  tho  vest  side  of  the  valley  to  the  latitude  of  Pecos,  Texas,  The 
upper  Pernian  strata  lie  between  the  Tihitohorse  or  Chalk  Bluff  forma- 
tion and  the  overlying  Dockum  group  (Triassic),  The  latter  formation 
outcrops  over  a considerable  area  in  the  northern  part  of  the  vatershed 
in  the  vicinity  of  Santa  Rosa.  A narrow  bolt  extends  southward  on  the 
east  side  of  the  river  as  far  as  Artesia.  Limited  exposures  arc  present 
in  southeastern  Her/  Mexico  and  western  Texas,  The  Dcckun  beds  in  IT or: 
Mexico  consist  of  the  basal  Santa  Rosa  sandstone  and  a thick  scries  of 
red  shale.  The  Santa  Rosa  in  its  type  area  is  made  up  of  tyro  buff-to- 
rrav  sandstone  beds  separated  bv  a shale  and  sandstone  member.  The 

O x.  v 

total  thickness  is  approximately  358  feet.  The  overlying  red  shales 
with  a maximum  thickness  of  about  1,000  feet,  arc  inter  bedded  with 
thin  sandstones.  East  of  the  river  in  southern  Her:  Mexico  and  nest 
Texas,  the  Pierce  Canyon  scries  lies  beneath  the  Santa.  Rosa,  sandstone. 
This  scries,  here  approximately  350  feet  thick  is  composed  of  fine  rod 
sandstones,  shaly  sandstones,  and  sandy  shales.  The  loner  part  of 
the  Pierce  Canyon  redbeds  is  considered  by  some  geologists  as  being  of 
Permian  age.  The  name  "Devoy  Lake"  ha.s  been  proposed  for  these  beds, 

18.  Rocks  of  the  Jurassic  and  Cretaceous  periods  arc  exposed  on  and  lie 
beneath  a.  small  area  in  the  northern  part  of  the  basin  near  Las  Vegas, 
Cretaceous  rocks  outcrop  over  a large  portion  of  the  Pecos  watershed 
in  Texas'.  They  arc  exposed  on  the  mountain  slopes  vest  and  southwest 
of  Pecos,  Texas,  Limestones  of  this  period  cop  and  underlie  the 
Edvards  Plateau,  vhich  comprises  about  one-sixth  of  the  entire  Pecos 
drainage  area. 

19.  The  Ogallala  formation  (Tertiary)  covers  extensive  areas  in  the  eastern 
and  north-central  sections  of  the  vatershed.  The  deposit  ranges  from 
200  to  63O' f oct  in  thickness.  It  consists  of  gravels  overlain  by  sand, 
sandy  clay,  vindblovn  material,  and  small  quantities  of  volcanic  ash, 

A thin  layer  of  limestone  sometimes  occurs  near  the  top  of  the  formation. 
The  sands,  clays,  and  silts  arc  unconsolidated  except  for  occasional 
lenses  and  beds  cemented  by  caliche.  Stratification,  vhen  present,  is 
lenticular  and  tropical  of  continental  deposits.  Existing  exposures 
are  remnants  of  a once  continuous  alluvial  plain  vhich  extended  east- 
vard  from  the  mountains  at  the  close  of  the  Pliocene  epoch. 

20.  The  Quaternary  deposits  in  the  Pecos  Valley  consist  of  stream  terraces, 
recent  alluvium,  send,  and  loess.  The  materials  are  generally  unstrati- 
fied and  unconsolidated.  They  cover  considerable  areas  in  the  central, 
eastern,  and  south  central  portions  of  the  vatershed. 

• Structure,— The  Pecos  River  vatershed  is  located  on  the  eastern  limb  of 
a broad  arch  formed  by  uplift  of  the  Rocky  Mountains . The  sedimentary 
formations,  vhich  outcrop  vithin  and  underlie  the  area,  dip  to  tho  east 
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and  southeast,  generally  at  low  angles.  The  older  strata  thus  outcrop 
in  areas  progressively  further  westward  while  the  norc  recent  beds 
occupy  the  eastern  portion  of  the  basin  except  where  cut  deeply  by 
tributary  canyons.  Faults  have  been  a factor  in  the  development  of  the 
mountain  ranges  bordering  the  area  on  the  west.  They  are  not,  however, 
an  important  feature  of  geologic  structure  within  the  watershed  except 
in  a few  localities.  South  and  west  of  Balmorrhoa  and  Fort  Stockton, 
Texas,  faulting  is  believed  responsible  for  the  occurrence  of  several 
large  springs  which  issue  from  Cretaceous  limestones  in  a general  east- 
we s t 1 inc . 

22.  The  river  turns  southeastward  near  Bccos,  Texas,  and  leaves  the  alluvium- 
filled  Del  aw/a  re  Basin.  Thence  it  flow's  generally  eastward  for  many 
miles  on  Triassic  beds  exposed  across  the  Pecos  Uplift  (Central  Basin 
Platform)  a,s  noted  in  fig.  3 • East  of  the  Central  Basin  platform,  south 
of  Crane,  Texas,  the  Pecos  enters  the  Lower  Cretaceous  series  of  the 
Edwards  PI at earn.  These  strata,  chiefly  limestones,  lio  in  a broad, 
gently  southward  plunging  sync line  which  the  river  traverses  to  its 
confluence  with  the  Rio  Grande. 


Soils 

2S*  General*— Soils  of  the  Pecos  River  watorshod  range  widely  in' depth, 

texture  and  development  by  reason  of  climatic,  physiographic,  and  parent 
manorial  variations,  ^cdls  arc  grouped  on  a basis  of  depth  to  bedrock 
or  other  type  of  unproductive  layer  (maps  3jU*5*6*7)*  Shallow  soils 
have  an  effective  depth  of  10  inches  or  less,  medium  depth  soils  range 
from  10  to  30  inches  deep,  and  deep  soils  exceed  30  inches  in  effective 
depth.  This  type  of  classification  is  useful  in  locating  critical  sedi- 
ment source  areas.  Also,  soil  depth  is  an  important  factor  in  eval- 
uating the  potential  productive  capacity  of  watershed  areas  upon  which 
certain  types  of  remedial  measures  are  proposed  in  the  interest  of 
flood  control.  General  soil  groups  and  corresponding  percentages  of 
the  watershed  they  occupy  arcs  l)  deep  alluvial  (valley  lands),  I4. 
percent;  2)  deep  upland,  1 p percent;  3)  medium  depth  upland,  2h  per- 
cent; U)  shallow  upland,  U3  percent;  3)  deep  loose  sand,  2 percent; 
and  6)  shallow  gravelly  and  stony  (mountain  areas),  12  percent,  A 
general  description  of  these  soil  groups  follows. 

2I4.  Deep  alluvial  soils. — Large  terraces,  overlapping  fans,  and  bottoms  of 
varying  width  along  the  Pecos  River  and  its  tributaries  malic  up  the 
group.  They  consist  of  thick  layers  of  alluvial  matcria.l  derived  from 
upland  slopes.  Profiles  arc  slightly  altered  by  weathering,  range 
widely  in  texture  and  gravel  content,  but  are  generally  productive 
when  irrigated.  Topsoils  are  resistant  to  sheet  erosion,  but  channel 
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trenching  and  bank  caving,  indicating  a deteriorated  watershed  condition, 
arc  proceeding  in  numerous  locations.  In  these  areas  originate  a sub- 
stantial part  of  the  sediment  depositing  in  reservoirs  and  on  farm  land. 
Coarse  debris  flushed  from  side  arroyes  frequently  damages  mountain 
valley  farms.  An  arid  climate  limits  land  use  to  irrigated  farming  or 
grazing. 


25. 


26. 


Deep  upland  soils,— Deep  soils  are  widespread  and  occur  on  gently  sloping 
lands.  The"  largest  bodies  occupy  positions  midivay  between  shallow  up- 
loads and  river  bottoms.  Their  parent  materials  arc  most  generally 
identified  vrith  the  old  alluvial  apron  laid  down  during  the  Rocky  Ho un tain 
uplift  period,  but  limestone  me as  make  up  a substantial  part.  Profiles 
arc  medium  to  heavy  textured, ' and  compared  with  other  groups,  arc  well 
developed.  A caliche  hand pan,  generally  occurring  below  JO  inches, 
restricts  deep  percolation  of  water  in  a largo  part  of  the  area.  Top- 
soils are  moderately  resistant  to  sheet  erosion,  but  in  recent  yeans 
gullies  originating  near  the  main  stream  channels  arc  trenching  back 
into  the  uplands.  The  area  affected  by  gullies  is  small,  yet  the  amount 
of  sediment  produced  is  large.  An  anid  climate  limits  land  use  to 
grazing  except  where' irrigation  water  is  available.  Several  small  tracts 
arc  being  dry-fanned,  but  yields  arc  low  and  erosion  activity  is  high. 

Ilc-dium  depth  upland  soils . — Medium  depth  soils  arc  widespread,  occurring 
on  rolling  to  gently  undulating  topography  throughout  the  watershed. 

Their  profiles  range  from' ten  to  thirty  inches  in  depth,  are  medium  to 
moderately  heavy  textured,  and  arc  slightly  less  fertile  than  the  deep 


soil  group.  The  principal  area.s  are  underlain  by  limestone  or  hard 
caliche,  but  shade,  sandstone,  and  igneous  rock  constitute  a substantial 
part.  Mountain  types  exhibit  well-developed,  per  meat  le  profiles  that 
arc  highly  resistant  to  erosion.  Soils  at  lower  elevations,  deepened 
by  accumulations  from  adjacent  slopes,  are  poorly  developed  but  frequently 
include  areas  with  caliche  hardpen  that  inhibits  deep  percolation  of 
water.  Their  infiltration  capacities  a.ro  low  by  rce.scn  of  poor  vegeta- 
tive cover  and  surface  layers  that  have  been  disturbed  by  erosion. 

Bcca.usc  cf  moderately  thick  crodiblc  profiles  coupled  with  a.  deteriorated 
watershed  condition,  gully  and  sheet  erosion  arc  common  and  sediment 
production  is  high  except  in  the  mountain  zones.  The  group  is  utilized 
entirely  for  grazing  purposes. 


27*  Sha  1 1 o w upland  s o i 1 s . - - S ha  1 1 on  soils  a.ro  extensive,  occurring  in  the 
mountains,  on  the  rolling  plains,  and  on  the  Edwards  Plateau.  Their 
profiles  average  less  than  10  inches  thick,  are  slightly  weathered,  and 
range  in  texture  from  medium  tec  moderately  heavy.  'The  principal  areas 
arc  underlain  by  limestone,  igneous  or  gypsum  rock,  but  some  shale  and 
sandstone  area.s  occur.  Mountain  soils  with  above-over a.gc  organic  matter 
and  surfa.ee  litter,  along  with  good  vegetative  cover,  have  favorable 
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infiltration  capacities  and  arc  resistant  to  erosion.  At  lover  elevation 
of  rolling  or  dissected  topography  vith  poor  cover,  run-off  is  high  but 
sediment  production  is  lov  by  reason  of  thin  soil  mantle,  stony  or 
gravelly  surface  layers , and  hardrock  substrata.  Harr  or:  alluvial  valleys 
situated  in  extensive  areas  of  shall ov  soils  contribute  much  of  the  sedi- 
ment coning  from  the  areas.  An  arid  climate,  together  with  thin,  stony 
unstable  profiles,  limit  land  use  to  grazing. 

28.  Pool?  loose  sandy  soils  .--Loose  sandy  soils  are  of  limited  extent  in  the 
vat or shed.  They  occur  vith  fev  exceptions  oast  of  hie  Pecos  River, 
extending  south  from  Fort  Sumner,  IT cv  Idcxicc,  and  ending  near  ITonahans, 
Tcxe.s.  They  are  light  textured  and  lov  in  organic  matter.  Depth 
generally  exceeds  thirty  inches  but  varies  videly.  Underlying  natcria.ls 
arc  sandstone,  limestone,  caliche,  and  shale.  Except  for  the  sandstone 
areas,  the  sand  is  of  foreign  origin  and  is  not  relented  to  the  underlying 
rock.  Productivity  is  moderate  to  lev  since  the  climate  is  arid  and  soil 
fertility  is  lov.  Susceptibility  to  vind  erosion  is  high  and  they 
deteriorate  rapidly  as  soon  as  cover  is  depleted.  Bcca.use  drainage 
systems  arc  poorly  developed  or  absent,  run-off  and  sediment  production 
are  lov  and  unimportant.  Surface  relief  is  gently  undulating  or 
hummocky. 


29.  Shall ov  gravelly  and  stony  soils. — Gravelly 


let 


stony  soils  occur  in  the 


mountains  and  the  steep  breaks  bordering  the  major  streams.  Formal 
erosion  is  keeping  pace  vith  soil  formation,  and  consequently  the  mantle 
of  soil  is  very  thin  or  missing.  Bane  rock  and  ancient  gravel  beds 
int erspersed  vith ’ s mall  p o eke t s , shelves. 


id  svalcs  of  accumulated  soil 


make  up  the  group.  Surface  relief  is  steep  and  mountainous.  Climatic 
environment  varies  from  subhunid  in  the  high  mountains  to  arid  in  the 
1 ovc r elevations. 


30.  Surfa.ee  erosion  both  geologic  and  accelerated  is  active  but  sediment 
yield  is  lov,  due  to  shallow  profiles  and  hard  rock  substrata  that' 
prevent  gullying.  This  soil  group,  excluding  the  forested  portion,  is 
a critical  flood  source  area..  Slopes  arc  steep  end  dissected  and  vegc- 
ta.tivc  cover  is  thin  or  entirely  ado  sent* 
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Plant  Cover 


31#  General#— As  in  most  of  the  Southwest,  a wide  variety  of  vegetation 
occurs  in  response  to  marked  differences  in  topography  and  climate 
(map  3),  Broad  vegetative  types  and  percentage  of  the  watershed  they 
occupy  are:  1)  short  grass, '31  percent;  2)  desert  shrub-grassland, 

31  percent;'  3)  desert  grass,  18  percent;  hr)  sandhill  grass,  1 percent, 
5)  woodland,  1)4  percent;  and  6)  coniferous  forest,  5 percent# 

32.  The  vegetation  of  the  Pecos  watershed  was  effective  at  one  time  in 
checking  soil  movement  as  is  indicated  by  the  development  of  the 
soils#  The  canopy  of  a coniferous  forest  shielded  soil  against  dam-' 
aging  effects  of  rainfall  and  a heavy  litter  over  the  ground  surface, 
which  acted  as  an  absorptive  mat,  further  protected  soils  from  the' 
destructive  forces#  Here  soils  are  highly  developed.  In.  contrast, 
desert  shrub-grasslands  had  less  protective  cover  and  soils  are  not 
so  we  11  developed#  Both  these  extremes  and  the  intermediate  stages 
of  soil  development  found  on  woodlands  and  grasslands  are  the  product 
of  normal  processes#  TJhere  ground  cover  is  not  deteriorated,  there  is 
a balance  between  soil  and  vegetation.  Throughout  the  basin  except 
in  the  mountainous  portions,  long  grassy  swales  which  sloped  toward 
the  Pecos  were  situated  between  ridges  on  which  less  dense  vegetation 
occurred.  Run-off  from  the  hillsides  maintained  the  productivity  of 
the  swales  which  in  turn  retarded  flash  floods# 

33#  Livestock  use  without  regard  to  forage  produced,  particularly  during 
extended  periods  of  drought,  has  resulted  in  decreased  density  and 
vigor  of  the  grass#  The  process  is  one  of  continual  decline#  Tilth 
loss  of  vigor  and  density,  root  systems  become  smaller  and  litter 
accumulation  lighter.  This  results  in  less  resistance  to  surface 
run-off  by  lowering  the  infiltration  rate  and  water-holding  capacity 
of  the  soil#  Surface  run-off  and  soil  erosion  increase  as  plant 
cover  decreases# 

3U#  Short  grass#— Short  grass  predominates  on  the  high  plains  in  the 

northern  portion  of  the  watershed#  The  principal  grass  species  on 
a good  range  are:  blue  grama,  side-oats  grama,  hairy  grama,  black 

grama,  galleta,  dropsecd,  and  bluesteti#  kith  improper  use,  undesirable 
species  such  as  three -awn,  ring  nuh^,  burro  grass,  fluff  grass,  and 
snakeweed  become  dominant# 

35*  Desert  shrub-gras slarri  .—Originally  the  true  desert  shrub  climax 

occurred  where  rainfall  is  loss  than  3 inches  and  on  rocky  knolls  and 
talus  slopes.  It  now  occupies  the  longest  land  area.  It  is  found 
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in  the  lower  valley  "bottoms  and  adjoining  desert  plains  where  rainfall 
is  much  above  8 inches  and  where  grasses  formerly  dominated  the  plant 
association. 

36.  Becauso  of  variation  in  soil  and  moisture  relationships,  this  type 

is  now  divided  into  threo  associations:  cr cos otebush-gr ass land,  tobosa 

and  sacaton  grassland,  and  salt  desert  shrub-grassland.  The  creosote- 
bush  association  occurs  on  tho'driest  shallow  soil" locations  and  gives 
the  least  watershed  protection.  'In  good  condition,  the  association 
contains  black  grama,  bush  muhly,  sand  dropsoed,  and  three-awn  grasses. 
In  its  present  condition,  shrubs  are  dominant  with  frequent  occurrences 
of  fluffgrass,  which  has  no  forage  value.  The  tobosa- sacaton  associa- 
tion occupies  dr ai nageway s and  flood  plains.  This  is  the  highest 
producing  association  in  tho  type,  ’.'hen  conservatively  used,  sacaton, 
alkali  sacaton,  side-oats  gram,  plains  bcardgrass,  bush  muhly,  vino 
mosquito,  and  tobosa  make  a good  protective  cover.  The  present 
deteriorated  condition  is  indicated  by  the  dominance  of  the  shrubs, 
tar  bush  end  mosquito.  Burro  and  tobosa  grass  have  crowded  out  tho 
more  desirable  grasses.  Salt  desert  shrub-grassland  association 
occupies  several  largo  areas  of  gaqpsum  and  alkali  soils.  In  good 
condition,  the  association  contains  alkali  sacaton,  saltgrass,  and 
chino  grama  grass.  The  shrubs,  chamiza,  graythorn,  and  crcosotcbush, 
arc  scattered  throughout  the  type • Shrubs  and  chino  grama  nor;  dominate 
the  type,  and  there  are  many  largo  bare  areas  where  erosion  is  severe. 
Forage  of  desert  shrub-gr ass  land  varies  from  year  to  year,  depending  on 
annual  grass  and  weed  growth. 

37*  Desert  grassland.— Desert  grassland  occurs  south  of  the  short  grass 

plains.  It  occupies  the  low  plateau  country,  which  is  broken  by  many 
largo  drainages.  The  good  range  grasses  are:  the  grammas,  black,  blue, 

hairy  and  side-oats,  together  with  curly-mes quite,  bush  muhly,  blucstom, 
tanglehcad,  and  spranglctbp*  Buc  to  improper  use,  tobosa,  curly- 
mesquito,  and  burro  grass,  which  are  loss  desirable,  have  invaded  the 
range,  and  thorny  shrubs  have  become  'widespread. 

38.  Sandhill-grassland,-— Sandhill-grassland  occurs  intermittently  along  the 
eastern  portion  of  the  wa.tcrshcd  on  loose  sand  or  sandy  loams.'  The 
principal  grasses  arc  big  and  little  blucstom,  side-oats  gram,  blue 
grama,  sand  dropsoed,  and  Indian  rice.  The  principal  shrubs  arc 
mosquito,  sand  sa.gc,  shinoak,  chamiza,  and  yucca*  S andhill-grassland 
is  of  relatively  little  importance  from  a watershed  standpoint  as  it 
contributes  little  run-off  or  sediment.  However,  it  is  important  in 
the  management  of  a.djaccnt  flood  and  sediment  contributing  areas 
because  of  its  value  as  winter  and  spring  range.  In  its  present 
deteriorated  condition,  shrubs  are  predominant.  Grasses  a.rc  reduced 
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to  a thin  stand  and  ih  some  areas  arc  absent.  The  sandhill-grassland 
is  subject  to  blowing,  and  dunes  are  common  where  the  grass  has  been 
removed.  The  dune  aroa  is  a permanent  loss  for  forage  production. 

39*  Pinon-  juniper  woodland  •—The  woodland  typo  occupies  the  foothills 

and  mesas  of  tho'  water  shed.  Principal  tree  species  are  pinon  pine, 
one-seed  juniper,  alligator  juniper.  Rocky  Mountain  rod  cedar,  and 
occasionally  live  oak.  In  tho  upper  olovation,  tho  trees  form  a 
fairly' continuous  cover,  but  throughout  most  of  tho  type,  they  aro 
sparse,  growing  in  clumps  or  single  stands.  The  grasses  under  ' 
proper  land  use  are  gramas,  ncedlograss , whoatgrass , ' boardgrass , 
blucgrass,  fescues,  and  muhlys.  Under  poor  land  uso,  ^roung  junipers 
aro  common  in  openings  which  formerly  were  well-grassed  areas*' 
Grasses  consist  largely  of  low  vigor  blue  grama  and  ring  muhly.  Thin 
stands  of  annual  and  perennial  woods  arc  scattered  throughout. 

2-1-0.  Coniferous  f orcsts  #— Forosts  aro  limited  to  the  mountains  and  high 
me  sas  o f~  the  TTowHoxico  portion  of  the  water  shed.  Tho  typo  is  used 
for  grazing  by  both  game  and  livestock.  Two  associations  comprise 
tho  typo , spruco-fir  and  pine.  The  sprucc-fir  occurs  at  elevations 
above  9,000  feet.  This  is  tho  high  water-yielding  area  of  the 
watershed.  It  is  valuable  for  timber  production  and  as 'a  dependable 
source  of  wator  for  irrigation.  IBig  game,  elk  and  doer,' is  an 
important  resource.  Tho  pine  association  occurs  below  9 >000  foot 
elevation  and  furnishes  considerable  grazing  because  of  sparsencss 
of  stand. 
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Erosion 


iil#  General,— The  erosion  classification  locates  critical  sediment- source 
areas  "and  indicates  the  physical  condition  of  the  watershed  in  terns 
of  extent  of  loss  of  infiltration  capacity  and  pr oductivi ty,  It  is 
also  useful  in  planning  and  evaluating  a remedial  program  in  the 
interest  of  flood  control, 

i;2.  Erosion  classes, — Type,  degree,  and  extent  of  erosion  trere'  determined 
r?hon~Thc  slxfl  and  vegetative  surveys  were  made  (maps  3 *4>5  sl)  * 

Throe  classes  of  erosion  arcs  l)  slight  water  or  mud  removal  denoting 
a loss  of  25  percent  or  less  of  original  topsoil;  2)  moderate,  shoving 
a loss  of  25  to  75  percent  of  surface  soil;  and  3)  severe,  indicating 
removal  in  excess  of  75  percent  of  surface  soil.  Each  class  is  further 
described  as  to  frequency  and  depth  of  gullies,  'Gullies,  where  they 
occur,  arc  designated  as  deep  (over  3 feet  deep),  sha  11  air  (less  than 
3 feet  deep),  frequent  (3  or  more  gullies  per  acre),  and  occasional 
(less  than  3 gullies  per  acre).  Percentages  of  the  vat or shed  affected 
by  the  various  classes  of  erosion  ares  slight,  3 bs  moderate,  59 J 
and  severe,  7« 

h-3.  His  to  ry , — The  ’Tat  er  shed  r;as  originally  protected  by  vegetative  cover 
that  regulated  run-off  and  prevented  soil  movement.  This  protective 
cover  became  depleted  as  the  livestock  operations  of  settlers  expanded. 
Soil  erosion  was  accelerated  as  the  vegetation  deteriorated.  Damage 
caused  by  floods  increased  as  agricultural  areas  were  extended  end  as 
teems  and  cities  developed  within  the  flood  plain,  Kuch  of  the  water- 
shed  suffered  for  many  years  from  considerable  topsoil  removal  and 
local  gully  activity,  but  it  was  not  until  trenching  in  the  larger 
dra.inagovays  and  bank  carving  on  major  streams  became  serious,  that 
erosion  reached  a.  critical  stage.  Examination  of  records  indicate  a 
large  part  of  the  bank  ca.ving  and  trenching  has  occurred  in  the  last 
50  years.  At  present  erosion  is  active  over  the  entire  "watershed, 
sediment  production  rates  arc  at  an  all-time  high,  and  floods  of 
damaging  size  are  common.  Deter iorat ion  mil  continue  unabated  unless 
prevention  measures  arc  applied  on  the  hca.dv7r.t0r  areas, 

lili*  Critical  or cas *— Accelerated  erosion  has  affected  the  watershed  dif- 
ferently in  various  locations.  Disturbance  of  the  topsoil  in  the 
shall 01*7  to  medium  depth  soils  on  the  sloping  uplands  has  resulted  in 
greatly  accelerated  run-off,  but  the  rate  of  sediment  production  has 
changed  very  little.  Deep  valley  lands  arc  slightly  affected  by 
surface  removal  but  are  severely  damaged  by  deep  gullying  and  bank 
caving  that  produces  great  quantities  of  sediment.  In  some  areas 
lands  have  been  damaged  in  equal  severity  by  sheet  and  gully  erosion 
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"by  reason  of  depletion  of  cover  on  highly  credible  soils.  Depositions 
of  coarse  debris  carried  in  by  flocdwatcrs  has  destroyed  many  valuable 
farms  in  some  mountain  valleys.  Damage  by  erosion  is  most  severe  in' 
the  areas  immediately  adjacent  to  the  densely  populated  parts  of  tho 
TTatorshod  above  Alamogordo  Reservoir , along  the  Rio  Hondo,  Rio  Penaseo, 
and  Toyah  Creel:  drainages.  The  loss  densely  populated  areas 'of  the 
upper  Delaware,  parts  of  tho  Taebo  and  Rio  Felix,  Alamogordo,  and  Black 
River  svstens  arc  also  considered  critical  sediment- source  areas  (man  18 
Stream  bank  cutting  along  the  Pecos  River  and  along  tributaries  is 
extremely  important  because  those  are  the  highly  developed  agricultural 
areas • 


LAID  AND  HATER  ECONOMY 


Historical  development*— First  Spanish  settlements  were  in  the  upper 
watershed  near  Pecos,  Tow  Mexico,  during  tlio  latter  part  of  the  18th 
century.  Hostile  Indians  slowed  progress  in  the' early  settlement  of 
the  area.  After  the  conclusion  of  the  Civil  Tar , the  Army  established 
numerous  forts  in  the  Tost  tc  subdue  marauding  Indians.  The  livestock 
industry?"  developed  rapidly  thereafter  and  by  1680,  livestock  grazing 
was  common  throughout  the  upper  and  middle  portions  of  the  basin.  By 
1900  tho  entire  watershed  was  being  used  for 'the  grazing  of  livestock. 


In  addition  to  livestock  raised  in  the  basin,  cattle  from  adjacent 
areas  were  trailed  through  the  Pecos  Valley  northward  to  railroad- 
shipping  points.  In  some  sections  of  Hc-w  Mexico,  cattle  numbers  reached 
the  peak  about  188F.  By  the  turn  of  the  century,  overgrazing  was 
general  in  the  watershed  and  there  was  considerable  evidence  cf  erosion. 


. Va.rious  methods  cf  disposing  of  land  tc  encourage  settlement  were 
employed.  They  still  influence  socia-1  and  economic  oroblcns.  Grants 
of  large  tra.cts  of  land  wore  made  by  Spain  and  Mexico  to  individuals 
and  groups.  These  grants  were  recognized  when  the  Territory  of  New 
Mexico  ca.no  under  the  jurisdiction  of  the  United  Stc.tcs  in  1848. 

Boundary  disputes  were  settled  by  a Court  of  Claims  created  in  1890. 
Portions  of  grants  had  to  be  sold  to  pay  litiga-tion  costs.  Certain  of 
these  lands  ha.vo  boon  sold  to  pay  taxes  on  lands  retained.  As  a 
result,  the  grants  dwindled  in  size  while  the  number  of  people  dependent 
upon  then  for  a.  livelihood  increased.  This  pressure  contributed  to 
tho  serious  deterioration  of  land  resources. 


0 Settlement  was  also  stimula.tod  by  homestead  laws  and  gra.nts  to  rail- 
roads. Tho  various  methods  of  acquiring  titles  and  the  policy  of 
sta.tos  and  the  Fodcra.l  Government  to  withhold  tra.cts  from  private 
ownership  developed  a.  complica.tcd  pa.ttcrn  of  land  ownership.  Tho 
chief  difference  between  Texas  and  How  Mexico  portions  of  tho  watershed 
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is  the  prevalence  of  large  acreages  of  public  land  in  Hew  Toxic.  State 
land  makes  up  a small  percentage  of  the  portion  of  the  mater shod  in 
Texas.  There  is  no  federally  owned  land  in  the  Texas  portion' of  the 
mater shed  except  some  small  tracts  used  for  military  purposes.  Irrigates 
farming  in  the  basin  ant e date s the  first  Spanish  settlements.  Spanish 
settlors  found  Indians  producing  crops  on  small  tracts  of  irrigated 
lend  along  the  river.  Those  and  later  settlers  farmed  under  irrigation 
and  it  has  grown  to  bo  one  of  the  most  important  sources  of  income  in 
t he  m at  c r s he  d • 

I4.8.  Population. — The  population  of  the  mater  shod  mas  about  150,000  in'  19U0# 
Of  this  number,  92,000  individuals  resided  in  rural  areas,  and  58,000 
in  urban  centers.'  lien  Mexico  accounted  for  .about' 100,000,,  or  67  percent 
of  the  population,  and  Texas  the  remaining  50,000,  or  33  percent. 
Throughout  the  entire  matorshed,  population  is  concentrated  along  mater 
courses.  Only  a fern  crossroad  stores  and  widely  scattered  ranch  homes 
are  found  at  distances  from  the  principal  streams,  Roswell  is  the 
Largest  city  in  the  watershed.  Its  present  population  is  nearly  20,000, 
Other  important  communities  along  the  stream  courses  are  Las  Vegas,' 

Santa  Rosa,  Carlsbad,  and  Artosia,  Hem  Ilcxico;  and  Pecos,  Balmorhoa., 
and  Fort  Stockton,  Texas.  Communities  of  Spanish  speaking  people  arc 
among  the  earliest  settlements  in  the  area*  These  communities  are 
concentrated  in  the  headwaters  of  the  Pecos  and  along  the  upper  roaches 
of  the  Rio  Hondo.  All  of  the  large  communities  except  Las  Yogas,  Few 
Mexico,  arc  subject  to  severe  flood  damage  because  of  their' close 
proximity  to  the  Pecos  River  or  to  tributary  streams.  Also,  the  highly 
developed  irrigated  farms  located  in  the  vicinity  of  the  urban  settle- 
ments in  the  overflow  areas  suffer  heavy  damage  during  floods.  Hence, 
the  greatest  amount  of  flood  damage  occurs  in  the  urban  communities  and 
in  the  adjoining  farm  land.  The  settlements  in  the  headwaters  of  the 
Rio  Hondo  and  Rio  Penance  sustain  losses  by  floods  because  the  villages 
and  the  agricultural  land  which  supports  them  are  located  in  overflow 
areas.  Agricultural  lands  are  damaged  by  flooding,  erosion,  and  the 
disposition  of  debris  that  has  to  bo  removed  before  the  land  can  again 
bo  used. 

I<9*  Lan  downc  rs  hip*  — The  pattern  of  landowner  ship  in  Hem  Mexico'  is  one  of 

private  holdings  scattered  among  state  land,  public  domain,  and  national 
forests.  Rational  forest  and  Indian  lands  occupy  high  mater  yielding 
areas  in  the  headwaters.  Large  areas  of  the  Santa  Fe,  Cibola,  and 
Lincoln  national  Forests  aro  situatod  in  the  watershed  as  is  a major 
portion  of  the  Ilcscalero  Apache  Indian  Rcscrva.tion.  Landholdings  of 
the  ra.ilroa.ds  arc  in  small  tracts  and  arc  scattered,  except  in  Texas 
where  large  tra.cts  mere  granted  to  the  railroad  systems  by  the  state. 
Ownership  of  land  has  developed  into  such  a.  mixed  pattern  that  proper 
control  and  administration  has  boon  difficult  to  obtain,  and  wide- 
spread misuse  has  greatly  reduced  grazing  resources.  Landowner  ship  in 
the  contributing  watershed  is  distributed  as  follows:  federally  owned 

or  administered,  18  percent;  state,  18  percent;  and  private,  6I4.  percent 
(See  table  2 and  nap  9 ) • The  distribution  of  ownership  in  the  closed 
basin  is  assumed  to  be  the  same. 
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Table  2 - 


Federally  oivncd 
or  administered 
national  forest 
Rib  lie  domain  \J 
Indian  ° 

Other 


Subtotal 


State  hj 
R’ivate  5/ 


Subtotal 
Total  6/ 


Classes  of  La 

nd  owner  ship 

Pecos  River 

Later shed 

Percent 

sq,  mi* 

acres 

of  Total 

1,808 

1,157,120 

?.b 

3,1+82 

2,228,1+80 

10.5 

U60 

29U,l+oo 

l.U 

130 

83,200 

o.l+ 

5,880 

3,763,200 

17.7 

5 ',91*6 

3,805,141+0 

17.9 

21,591+ 

13,692,160 

6I4..I4. 

27,3U0 

17,1+97,600 

82.3 

33,220 

21,260,800 

100.0 

\J  Lands  reserved  for  special  purposes  as  federal  range  and  un- 
reserved and  unappropr iated  lands  administered  by  the 
Department  of  the  Interior. 

2 ! Mescaler o-Apaeho  Indian  Reservation,  administered  by  the  Federal 
Gover  nnont  • 

3/  National  parks  and  monuments,  military  and  other  reserves,  and 
miscellaneous  federally  ov/ned  lands. 

hj  School  and  university  lands,  state  parks,  tax  forfeitures, 
and  minor  state  holdings. 

3/  Lands  owned  by  individuals,  communities,  and  corporations. 

y Does  not  include  areas  in  close  cl  basins  • 
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-Land  Use 

50.  Thd  direct  drainage  portion  of  the  watershed  comprises  adbout 

21,2.60,000  acres,  which  is  classified  as  fallens:  grazing  land, 

20,700,000' acres ; cropland  385*000  acres;  and  nonagricultural 
land,  175, S00  acres.  In  this  classification,  timber  and  wood- 
land  areas  of  the  watershed  are  included  as  grazing  laaid  since 
all  such  lands  are  used  for  grazing  as  well  as' a source  of  lumber, 
posts,  end  firewood.  Grazing  lands,  therefore,  comprise  98 
percent  of  the  viator shed.  The  following  discussion  pertains  to 
the  v/atorshed  exclusive  of  closed  basins  (pars,  51-60). 

51*  Range, — The  major  part  of  the  viator  shed  area  is  occupied  by  range 
landT  Yearlong  grazing  is  practiced  on  the  majority  of  those 
lands,  llative  vegetation  has  deteriorated  in  varying  degrees 
throughout  the  area.  Deterioration  of  the  vegetative  cover  is 
most  pronounced  on  critical  sediment  source  areas  (map  17),  On 
these  depleted  areas  run-off  is  abnormally  high  and  erosion  is 
active.  Range  deterioration  is  especially  critics.1  on  areas  adja- 
cont  to  small  villages  in  the  portion  of  the  viator  shed  above  Alar.iO' 
gordo  Reservoir,  The  gross  value  of  ranch  products  marheted  in 
19^8  is  estimated  at  930,000,000, 

52,  Timber  land , — There  are  about  a million  acres  of  timber  land  in 
the  via.tcrshed  (nap  8),  most  of  vihich  are  in  national  forests. 
During  19U8  approximately  28  million  board-feet  of  timber  vroro 
harvested*  The  avcra.gc  price  of  this  lumber  at  the  mill  was  not 
loss  than  $1+0  per  thousand,  making  a total  value  of  Ol, 120,000. 
Considerable  income  Tins  derived  from  the  sale  of  vrood  products  for 
ties  and  mine  props.  About  1,7  million  board  feet  of  timber  mere 
harvested' and  made  into  these  items.  Calculated  on  the  same  bam  is 
as  lumber,  they  vie  re  viorth  768, 000,  About  69  percent  of  the  an  ea, 
of  coniferous  savi  timber  is  in  national  forests,  19  percent  in 
the  I bs cn.1  or o- Apache  Indian  Reservation,  and  12  percent  on  stake 
and  private  land.  The  areas  in  forests  arc  the  main  irrigation- 
viatcr  yielding  portion  of  the  watershed.  The  national  forests 
are  situated  in  the  headwaters,  vihich  arc  the  rain  viator  supply 
tributaries  of  the  Pecos.  The  forests  are  reservoirs  where  water 
is  stored  for  irrigation  farming  downstream.  The  agricultural 
interests  downstream  depend  upon  the  viator  shed  for  a,n  adequate 
supply  of  water.  The  average  annual  water  yield  from  the  Santa 
Fc  Rations,!  Forest  is  270  a.cre-foct  per  square  mile.  The  areas 
of  the  forest  which  yield  the  greatest  amount  of  water  are  the 
upper  portions  of  the  Pecos  and  Co.1  linns  Rivers,  The  annua,  1 yield 
of  those  arca,s  is  about  lj.00  acre -feet  per  square  mile.  It  is 
estimated  that  the  higher  elevations  of  the  Lincoln  National 
Forest  yield  annually  300  aero-feet  per  square  mile.  The  overage 
annual  yield  of  the  portion  of  the  Lincoln  Rational  Forest  within 
the  Paces  "watershed  is  estimated  to  be  100  acre-feet  per  square 
mile. 
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It  is  estimated  that  the  annual  irate r yield  from  adjacent  wood- 
land and  grassland  areas  located  at  lower  elevations  is  lj.0 
aero-feet  per  square  mile.  The  yield  fron  the  more  arid  portion 
of  the  watershed  is  probably  as  lav  as  3 acre-feet  per  square 
mile,  This  comparison  of  water  yields  fron  the  various  parts  of 
the  watershed  emphasizes  the  importance  of  the  forests  as  reser- 
voirs to  store  water  for  irrigation#  Other  important  uses  cf 
the  forests  are  livestock  grazing  and  recreation# 

53.  IToodland#— Slightly  more  then  three  million  acres  of  the  water- 
shed arc  classified  as  woodland  (nap  G).  Approximately  50,000 
cords  of  firewood  were  cut  fron  these  lands  in  19i|8#  The  value 
of  this  product  was  about  0375*000*  The  value  of  fence  posts 
token  fron  woodland  areas  has  not  boon  estimated.  IToodland 
areas  are  also  usod  for  grazing  and  recreational  purposes. 

5 U.  Cultivated  land  ( irrigated) , --Approximately  275*000  acres  in  the 
watershed  are  ir r i gated  (nap  8).  About  60  percent  is  irrigated 
with  water  fron  wells  and  springs#  The  largest  area  is  located 
in  the  vicinity  of  Roswell  and  Artesia,  ITew  L'exico,  Other  areas 
irrigated  by  wells  and  springs  arc  located  at  Balncrhca  and  Fort 
Stockton,  Texas.  Major  irrigation  developments  dependent  upon 
storage  reservoirs  arc  the  Storric  project  at  Las  Vegas,  the 
Carlsbad' nr ojcct  in  Hot:  Mexico,' which  is  served  by  Alamogordo, 
McMillan,  and  Avalon  Reservoirs,  and  seven  water  improvement 
districts  in  Texas  served  by  the  Red  Bluff  Reservoir.  Storago 
facilities  a.rc  not  available  in  many  of  the  sma.ll  valleys  in  the 
upper  roaches  of  the  watershed.  Irrigation  by  small  diversions 
fron  stream  channels  is  the  common  method  cf  watering  crops. 
Typical  of  such  areas  arc  Pecos  River  and  its  tributaries ' above 
Alamogordo  Reservoir,  upper  Rio  Hondo  and  its  tributaries,  and 
upper  Rio  Pcnasco  and  its  tributaries. 

55*  Farms  in  the  upper  valleys  average  less  than  15  acres;  subsis- 
tence farming  predominates.  Farms  a.rc  longer  in  the  other  irri- 
gated sections  of  the  watershed  where  farming  operations  are  more 
diversified  and  better  developed.  Farms  in  the  Carlsbad  project 
average  about  60  acres  and  units  in  the  Re  swell- Artesia  section 
and  in  the  Pecos  Valley  below  Red  Bluff  Reservoir  arc  larger. 
Important  crops  produced  on  the  larger  farms  include  a.lfalfa, 
cotton, 'and  sorghum.  The  gross  value  of  farm  products  marketed 
in  19^8,  produced  on  irrigated  farms,  is  estimated  at  :)26,000,000. 

56.  Certain  irrigated  farm  lands,  especially  those  situated  in  trib- 
utary a.roa.s,  a.re  subject  to  flood  damage  but  are  not  major  flood 
source  areas.  However , run-off  from  la.rgc  continuous  oncas  of 
irrigated  lands  such  as  these  at  Roswell  and  Artesia,  Hew  Mexico 
contributes  to  flood  flows  during  major  storms.  Irrigated  lands 
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are  a source  of  sediment.  Stream  bank  erosion  along  the  main 
river  and  tributary  drainages  which  cross  irrigated  lands  produces 
sediment  which  is  eventually  carried  into  reservoirs  and  irrigation 
systems.  In  some  areas,  -waste  water  from  irrigated  lands  pouring 
over  cut  banks  into  the  streams  causes  soil  to  slough  off  into  the 
channels.  This  material  is  also  carried  downstream  to  damage  irri- 
gation facilities. 

57 • Cultivated  land  (dry  farm) . Dry-farm  operations  are  confined  to 

about  110,000  acres,  most  of  which  are  in  the  watershed  area  above 
Alamogordo  Reservoir.  Crop  production  on  these  lands  is  marginal 
because  of  limited  moisture.  Beans,  corn,  and  wheat  are  produced 
on  dry-farm  lands.  The  gross  value  of  farm  products  produced  on 
dry-farm  lands  in  the  watershed  during  I9I48  is  estimated  at 
$2,200,000. 

58.  Dry-farm  lands,  although  comprising  only  about  1 percent  of  the 

watershed,  are  sources  of  abnormally  high  run-off  and  large  quan- 
tities of  sediment.  In  general  dry-farm  tracts  are  small  and 
intermingled  with  deteriorated  range  lands.  Little  progress  has 
been  made  in  getting  operators  of  dry  farms  to  adopt  conservation 
practices  which  will  retard  run-off  and  reduce  sediment.  Most 
of  the  operators  are  subsistence  farmers  and  will  need  financial 
help  in  applying  the  conservation  measures  needed  to  accomplish 
this . 

59*  Recreational  use. --There  are  many  recreational  attractions  in  the 
watershed . The s e include  notably  the  high,  scenic  mountain  areas 
near  the  headwaters  and  along  the  western  flanks  of  the  basin,  es- 
pecially in  New  Mexico.  Many  camp  sites  and  recreational  areas 
have  been  developed  in  the  national  forests.  Carlsbad  Caverns 
National  Park,  administered  by  the  National  Park  Service,  is  in 
the  mid-basin  in  New  Mexico,  and  there  are  two  state  parks. 
Bottomless  Lakes,  near  Roswell,  New  Mexico,  and  Balmorhea  in 
Texas.  Considerable  recreational  use  is  made  of  the  Alamogordo, 
Avalon,  and  Red  Bluff  reservoirs.  The  region  is  rich  in  historic 
interest,  with  remains  of  several  frontier  Army  posts,  and  there 
is  significant  archeological  evidence  of  long  prehistoric  occupa- 
tion and  use. 

60,  Other  resources  and  developments. — The  mining  of  potash  near 

Carlsbad  is  an  important  industry  in  the  watershed.  Oil  and  gas 
production  oast  of  the  Pecos  River  in  the  Texas  portion  of  the 
watershed  contributes  materially  to  the  economy  of  the  area. 

The  watershed  is  served  by  an  extensive  network  of  highways, 
farm  to  market  and  forest  roads,  and  railroads  (map  1). 
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PAST  AND  CURRENT  ACTIVITIES  RELATED  TO  FLOOD  C PETROL 

General 

61.  No  over-all  approach  has  been  made  to  alleviate  flood  damages. 
Alamogordo  and  Red  Eluff  Reservoirs  on  the  Pecos  River  have  a 
regulating  effect  below  their  respective  locations.  Alleviation 
of  flood  damage  by  these  reservoirs,  although  material,  is  inci- 
dental to  their  operation  for  irrigation  purposes.  No  storage  is 
set  aside  in  either  reservoir  for  flood  control,  and  the  degree  of 
protection  which  they  afford  is  erratic.  When  floods  occur, 
neither  reservoir  may  be  in  a position  to  impound  sufficient  water 
to  have  a regulatory  effect. 

Activities  of  Federal  Agencies 

62.  Department  of  the  Army,  Corps  of  Engineers. — The  Corps  of  Engi- 

neers  is  conducting  a flood  control  survey  in  the  watershed. 
Detailed  studies  are  being  made  of  floodwater  damages  along  the 
main  stream  and  in  the  vicinity  of  Roswell  and  Carlsbad,  New 
Mexico,  and  Pecos,  Texas.  Works  of  improvement  in  the  following 
tributaries  to  alleviate  floodwater  damages  in  the  aforementioned 
localities  are  being  investigated  by  the  Corps  of  Engineers  at  the 
present  time:  Rio  Hondo  and  Dark  Canyon  in  New  Mexico  and  Salt 

Draw  and  Cottonwood  Creek  in  Texas.  Accordingly,  floodv;ater 
damages  have  not  been  considered  in  these  localities  in  preparing 
this  report  nor  has  the  program  herein  recommended  been  evaluated 
with  respect  to  reduction  in  floodwater  damages  in  these  locali- 
ties. Works  of  improvement  involving  floodwater  detention  in- 
stalled in  the  future  by  the  Corps  of  Engineers  will  have  their 
useful  life  extended  as  the  recommended  program  lowers  the  sedi- 
ment production  rate  in  the  watershed.  These  additional  benefits 
have  not  been  evaluated  in  this  report. 

63.  Department  of  Agriculture,  Forest  Service, — Lands  within  the  boun- 
daries  of  the  Santa  Fe  and  Lincoln  National  Forests  are  important 
water-storage  areas  in  the  headwaters.  A relatively  small  area  of 
the  Cibola  National  Forest  is  also  within  the  basin  (map  1). 

Forest  Service  policy  is  to  have  these  lands  serve  multiple  uses. 
Among  the  important  uses  are  watershed  protection,  timber  and 
forage  production,  and  recreation.  Preservation  or  restoration 

of  satisfactory  v/atersheds  is  a primary  objective  of  the  Forest 
Service  program.  The  major  current  activities  toward  the  accom- 
plishment of  this  objective  are  protection  from  fire,  and  grazing 
and  timber  management.  The  result  of  these  activities,  or  im- 
proved watershed  conditions,  contributes  materially  toward  water- 
flow  retardation  and  soil  erosion  prevention.  The  current  Federal 
cost  of  this  work  and  of  other  related  measures  which  are  being 
installed  in  the  aid  of  flood  and  sediment  reduction  is  about 
$81,600  annually. 
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6jq.  Department  of  Agriculture,  Soil  Conservation  Service .--The  Soil 
Conservation  Service  is  assisting  25  soil  conservation  districts 
in  the  direct  drainage  portion  of  the  area  with  their  conservation 
problems  in  the  watershed  (map  10).  This  involves  the  planning 
and  application  of  a soil  and  water  conservation  program  on  private 
and  state  lands  in  the  watershed.  Certain  measures  installed  under 
this  program,  such  as  terracing,  stock  water  developments,  diver- 
sion structures,  etc.,  materially  contribute  to  the  reduction  of 
floods  and  sediment  production.  The  current  Federal  cost  of  tech- 
nical assistance  furnished  by  the  Soil  Conservation  Service  in 
furthering  such  activities  is  estimated  at  §133 >000  annually. 

65.  Department  of  Agriculture,  Production  and  Marketing  Administra- 
tion.--The  Production  and  Marketing  Administration  is  assisting 
farmers  and  ranchers  with  the  installation  of  conservation  meas- 
ures through  the  agricultural  conservation  program.  It  offers  fi- 
nancial assistance  to  individuals  who  cooperate  in  the  conserva- 
tion program  by  carrying  out  approved  soil  and  water  conservation 
practices.  Many  of  these  practices  are  in  the  aid  of  water  flow 
retardation  and  sediment  reduction.  Certain  of  these  measures, 
such  as  terracing,  reseeding,  and  stock  water  developments,  are 
similar  to  those  in  the  proposed  remedial  program.  The  current 
Federal  cost  of  direct  aids  to  farmers  and  ranchers  for  instal- 
ling such  measures  within  the  watershed  is  about  §182,000  annually. 

66.  Department  of  Agriculture,  Extension  Service. — The  Extension  Ser- 
vice  through  its  normal  educational  activities  is  assisting  with 
the  application  of  conservation  measures  within  the  Pecos  River 
watershed.  Such  activities  as  direct  contacts  with  individuals 
and  groups,  farm  and  ranch  demonstrations,  and  the  distribution 
of  publications  are  used  to  acquaint  farmers  and  ranchers  with 
the  need  and  purpose  of  conservation  work  within  the  watershed. 
Included  in  this  information  is  that  which  pertains  to  numerous 
practices  which,  when  installed,  are  of  direct  aid  in  the  re- 
duction of  flood  flows  and  sediment  production.  Although  the 
amount  of  time  devoted  to  such  activities  by  individual  Exten- 
sion Service  employees  is  small  in  comparison  with  that  required 
by  their  many  other  duties,  the  combined  activities  of  county 
agents,  specialists,  and  state  office  personnel  are  of  consider- 
able importance.  The  current  Federal  cost  of  these  educational 
activities  in  the  aid  of  flood  water  and  sediment  reduction  is 
estimated  at  §17,000  annually. 

67.  Department  of  Agriculture,  Farmers  Home  Administration. — The 
Farmers  Home  Administration  assists  farmers  and  ranchers  with 
their  conservation  problems  as  well  as  with  other  farm  and  ranch 
improvements.  Financial  and  technical  assistance  through  the 
loan  program  is  provided  to  install  or  rehabilitate  irrigation 
systems,  construct  stock  water  developments,  fencing,  soil 
stabilizing  measures,  and  other  range  improvements.  In  addition, 
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services  rendered  by  this  agency  provide  for  such  measures  as 
adjustment  in  livestock  numbers  to  forage  production  and  pas- 
ture rotation  to  allow  for  reseeding.  Many  of  these  practices 
and  measures  contribute  materially  to  the  reduction  of  flood- 
water  and  sediment  production  within  the  watershed.  Federal 
funds  loaned  to  farmers  and  ranchers  by  this  agency  are  repaid 
and  consequently  only  administrative  costs  to  the  Federal  Govern- 
ment are  involved.  Since  the  proportion  of  administrative  costs 
that  contribute  to  flood  and  sediment  retardation  is  relatively 
small,  no  monetary  evaluation  of  these  costs  has  been  attempted, 

68,  Department  of  the  Interior,  Bureau  of  Land  Management, — The  Bureau 
of  Land  Management  administers  more  than  2 million  acres  of  public 
domain  grazing  land  within  the  Pecos  River  watershed  in  New  Mexico, 
pursuant  to  the  Taylor  Grazing  Act  of  193U»  (There  exists  no  pub- 
lic domain  in  the  State  of  Texas.)  Most  of  this  public  domain 
lies  within  an  established  Grazing  District,  headquarters  Roswell. 
The  bulk  of  the  remainder  occurs  in  widely  dispersed  pattern  in 
the  watershed  above  Ft.  Sumner.  BLMf  s contribution  to  land  and 
water  conservation  on  the  watershed  consists  principally  of  im- 
proved range  management.  However,  in  addition,  it  controls  range 
fires,  installs  needed  range  improvements  and  carried  on  a limited 
amount  of  strictly  soil  and  moisture  conservation  operations. 

(The  two  last-mentioned  items  have  been  financed  at  an  annual 
cost  of  approximately  017*000  of  Government  funds.)  All  of  the 
foregoing  either  directly  or  indirectly  improve  watershed  condi- 
tions and  aid  in  flood  control, 

69,  Department  of  the  Interior,  Bureau  of  Indian  Affairs. — The  Mesca- 
lero  Apache  Indian  Reservation  is  located  in  the  headwaters  of 
the  Rio  Ruidoso,  Rio  Felix,  and  Rio  Penasco  drainages  (map' 1). 
Approximately  290,000  acres  of  range  land  and  1,500  acres  of 
cultivated  land  comprise  the  land  use  on  the  reservation.  Al- 
though certain  measures,  such  as  stockwater  developments,  ter- 
races, etc.,  have  been  installed  on  these  lands,  the  primary  ef- 
forts and  expenditures  have  been  directed  toward  proper  stocking 
and  good  timber  management.  Both  of  these  activities  are,  of 
course,  of  importance  in  the  establishment  and  maintenance  of 
good  watershed  conditions  and  resultant  reduction  in  floods  and 
sediment.  The  current  Federal  cost  of  services  provided  by  the 
Bureau  of  Indian  Affairs  in  the  aid  of  floodwater  and  sediment 
reduction  is  about  &2l|.,000  annually. 

70,  Department  of  the  Interior,  Bureau  of  Reclamation .--A  soil  and 
moisture  conservation  program  of  gully  control  and  sediment  de- 
tention is  being  carried  out  by  the  Bureau  of  Reclamation  on 
lands  administered  by  that  Agency  above  the  Alamogordo  Reservoir. 
This  work  is  being  integrated  with  other  conservation  measures 
including  revegetation  and  improved  management  of  grazing  lands. 

The  program  on  Federal  land  is  being  integrated  with  plans  for 
similar  work  on  privately  owned  land. 
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Technical  services  for  the  development  of  the  program  is  being 
supplied  by  the  Soil  Conservation  Service  through  a cooperative 
agreement  between  the  Bureau  of  Reclamation  and  Soil  Conservation 
Service . 

The  construction  work  and  application  of  other  practices  is  being 
accomplished  through  a similar  agreement  with  the  DeBaca  County 
Soil  Conservation  District, 

# 

The  current  annual  Federal  cost  of  the  program  amounts  to  about 
$13,000.  The  current  rate  of  application  of  the  program  appears 
to  be  adequate  to  satisfy  needs  on  lands  administered  by  the 
Bureau  of  Reclamation  during  a 15-year  period. 

In  cooperation  with  the  Carlsbad  Irrigation  District  the  Bureau 
of  Reclamation  is  carrying  out  a soil  and  moisture  conservation 
project  above  McMillan  Reservoir  the  objectives  of  which  are: 

(l)  to  determine  the  most  effective  means  of  reducing  non-bene- 
ficial  consumptive  use  of  water  in  the  McMillan  Reservoir  delta 
area,  conveying  flood  flow  through  the  salt  cedar  infested  sedi- 
ment beds,  and  rehabilitating  the  land  to  an  economical  form  of 
land  use;  (2)  to  determine  the  water  savings  obtained  as  a result 
of  the  construction  of  a channel  through  the  delta  area  by  the 
Carlsbad  Irrigation  District  and  through  salt  cedar  eradication; 
(3)  to  determine  the  annual  rate  of  sediment  deposition  in  the 
McMillan  Reservoir  and  delta  area  under  present  conditions  with 
Alamogordo  Reservoir  in  operation;  and  (I4.)  to  collect  and  assemble 
data  that  will  be  valuable  in  carrying  out  water  conservation  pro- 
grams in  other  similar  areas. 

Investigations  completed  thus  far  include  the  spraying  of  selected 
areas  of  adult  salt  cedars  with  2-JO-D  chemical  sprays  and  observ- 
ing the  results  obtained.  Other  tests  are  in  progress  to  devise 
the  most  efficient  and  economical  method  of  chemical  control.  A 
small  tract  has  been  cleared  with  machinery,  rough  leveled  and 
will  be  planted  to  various  salt  resistant  types  of  range  grasses. 
Means  for  determining  the  water  savings  are  being  installed  and 
plans  for  management  of  the  delta  area  are  being  formulated. 

The  annual  Federal  cost  of  investigations  being  made  to  deter- 
mine the  most  practical  and  economical  way  of  eradicating  and 
controlling  salt  cedar  growth  on  the  delta  area  above  Me Mi 11  an 
Reservoir  amounts  to  about  020,000, 

In  addition  to  the  foregoing  work  in  progress  in  the  basin,  plans 
have  been  developed  for  the  construction  of  a conveyance  channel 
around  the  salt  cedar  area  to  reduce  transmission  losses  of  water 
at  this  point. 
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71*  Department  of  the  Interior,  Fish  and  Wildlife  Service. — The  Fish 

and  Wildlife  Service  has  the  responsibility  for  directing  predator 
and  rodent  control  work  in  the  watershed  in  cooperation  with  appro 
priate  state  and  local  agencies.  The  costs  of  these  activities 
are  estimated  at  *50,000  and  y3>000  respectively.  The  Service 
administers  the  Santa  Rosa  and  Dexter  fish  cultural  stations  in 
the  Pecos  River  Watershed  in  Few  Mexico.  It  also  operates  the 
Bitter  Lakes  national  wildlife  refuge,  an  area  of  27,700  acres 
near  Roswrell.  Studies  are  conducted  by  the  Service  to  determine 
the  effect  of  water  resources  projects  on  fish  and  wild;life  re- 
sources. The  rodent  control  work  improves  watershed  conditions 
■which  affect  the  amount  of  floodwater  and  sediment  from  the 
areas  protected. 

72.  Department  of  the  Interior,  National  Park  Service. — The  Carlsbad 
Caverns  National  Park  which  is  administered  by  the  National  Park 
Service  has  a land  area  of  149,7^2  acres.  The  Park  is  located  in 
Eddy  County,  New  Mexico,  within  the  Pecos  River  Watershed.  This 
area  of  the  watershed  is  considered  to  be  moderately  eroded  and 
management  practices  to  aid  in  retarding  runoff  and  stabilizing 
erosion  are  being  carried  out.  Other  soil  conservation  measures 
planned  for  this  area  are  range  re-seeding  and  sediment  control 
structures  estimated  to  cost  {6500. 

Other  Activities 


75.  Soil  Conservation  Districts. — There  are  25  soil  conservation  dis- 
tricts operating  within  the  direct  drainage  portion  of  the  "water- 
shed (map  10).  Many  of  the  districts  have  recognized  flood  and 
sediment  problems  in  developing  their  programs  and  work  plans.  As 
a result,  much  of  the  work  accomplished  is  directed  toward  the 
objectives  outlined  in  the  remedial  program.  The  districts  have 
been  operating  only  a comparatively  short  time  and  with  limited 
resources,  however,  and  the  work  accomplished  thus  far  has  not 
materially  affected  the  flood  and  sediment  problems  in  the  water- 
shed as  a whole. 

7U*  City  of  Roswell,  New  Mexico  and  City  of  Pecos,  Texas  have  constr- 
ucted some  flood  protection  works"!  At  Roswell,  New  Mexico,  a 
flood  channel  has  been  constructed  through  the  upper  section  of 
the  city.  With  a capacity  of  about  2000  cubic  feet  per  second, 
it  is  designed  to  carry  floodwater  from  the  Rio  Hondo  through 
the  urban  area.  Other  installations  include  small  diversions 
and  dikes  on  the  flood  plain  of  the  Rio  Hondo.  These  projects 
have  been  of  value,  but  city  officials  recognize  that  the  work  is 
neither  of  sufficient  size  nor  scope  to  provide  adequate  protec- 
tion from  jajor  floods.  At  Pecos,  Texas  small  channels  have  been 
constructed  to  divert  floodwater  from  the  urban  area.  These 
channels  will  only  handle  small  flows  and  the  outlets  do  not 
satisfactorily  provide  for  the  disposal  of  excessive  runoff. 
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HYDROLOGY 


Precipitation 


75*  Source  and  distribution. — The  primary  sources  of  precipitation  in 
the  Pecos  B sin  are  the  Gulf  of  Mcxico-Carribcan  and  the  Pacific 
Ocoan.  During  the  winter  months,  the  Aleutian  lew  pressure  area 
moves  southeastward  and  becomes  the  source  of  the  majority  of 
moisture  brought  to  the  western  states.  At  this  time  the  general 
upper  air  circulation  is  not  conducive  to  invasions  of  air  masses 
from  the  Gulf  of  Mexico  and  Carriboan.  Because  of  the  Rocky 
Mountain  barrier,  the  invasions  of  Pacific  air  may  cause  consider- 
able cloudiness  without  producing  significant  amounts  of  precip- 
itation. The  winter  months,  therefore,  arc  the  driest  of  the 
year.  During  summer  with  the  development  of  the  North  American 
High  Level  Anticyclone,  large  masses  of  moist  air  may  move  in 
from  the  Gulf  of  Mexico  or  Carriboan.  As  a result,  the  precip- 
itation during  this  period  is  greater  than  at  any  other  time  of 
the  year.  The  Aleutian  Low  Pressure  area  may  meanwhile  move  far 
northward  and  exert  little  influence  on  the  climate  of  the  Pecos 
Basin.  Spring  and  fall  months  are  transitory  periods  during 
which  invasions  of  either  air  mass  may  occur.  Ordinarily  the 
months  become  increasingly  wetter  as  summer  is  approached  and  Gulf 
Carriboan  air  masses  invade  mere  frequently.  The  trend  is  down- 
ward during  the  fall  months  due  to  dccreo.sing  invasions  of  those 
air  masses.  Figure  shows  the  dir-  ction  of  normal  air  mass  move- 
ments • l/ 

76.  Average  Annual. — The  great  range  in  elevation  within  the  watershed 
of  from  1,000  to  over  13,000  feet  above  sea  lev'  1 and  the  location 
of  various  parts  of  the  area  with  respect  to  moisture  sources 
result  not  only  in  considerable  difference  in  extremes  of  precip- 
itation but  also  in  a.  rather  erratic  pattern  insofar  as  average 
annual  totals  are  concerned.  Map  11  shows,  for  example,  that  an 
area  in  the  lower  middle  Pecos  Basin  receives  loss  precipitation 
annually  than  is  normally  received  by  any  other  portion  of  the 
watershed  not  excepting  the  areas  at  lower  elevations.  This  can 
easily  be  understood  if  it  is  considered  that  the  lower  portions 
of  the  watershed  arc  progressively  nearer  the  Gulf  cf  Mexico. 
Further  reference  to  map  11  will  show  the  marked  influence  cf  the 
mountain  masses  such  as  those  in  the  extreme  upper  °ecos  watershed 


} 


l/  Certain  Hydrologic  and  Climatic  Characteristics  of  the  South- 
west. University  of  New  Mexico  Press.  I9I4.6. 
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Storm  Types 

77*  General. --The re  are  three  distinct  storm  types  characteristic  to 
the  Pecos  Basin.  For  discussion  in  this  report,  they  are  termed 
’’localized  ccnvc  ctive  ,”  ’’general  summer,”  and  ” general  winter .” 

78.  Localized  convective. — The  localized  convective  storm  occurs  only 

during  warm  weather  and  ordinarily  is  very  limited  in  both  extent  and 
duration,  although  accompanying  intensities  arc  often  the 
highest  of  any  type.  Individual  storms  of  this  type  arc  of  no 
importance  in  the  consideration  of  floods  from  largo  segments  of 
the  watershed.  These  storms  arc  of  utmost  importance,  however, 
in  the  production  of  floods  from  subwatersheds  of  less  than  100 
square  miles  in  area.  Their  short  duration  requires  recording 
rain  gauge  records  for  analysis  and  very  few  stations  supplying 
this  type  of  information  have  boon  operating  in  the  watershed  for 
any  length  cf  time.  In  order  to  provide  an  idea  of  the  amount  of 
rainfall  that  might  occur  during  a one-hour  period  in  such  storms, 
the  approximate  total  rainfall  for  one  hour  that  might  occur  at 
Roswell,  New  Mexico,  and  Amarillo,  Texas , once  in  10,  25,  50?  a^d 
100  years  is  shewn  in  table  3«  l/ 

Table  3 - FREQUENCY  MAGNITUDE  OF  PRECIPITATION 
Pecos  Ri  vc  r Watershed 


Station  One-hour  rainfalls  which  probably  will 

be  equalled  or  exceeded  once  in: 

10  yrs • 25  yrs , 50  yrs • 100  yrs • 


Amarillo,  Texas  I.90  2.20  2.70  3*20 

Roswell,  Nov;  Mexico  1.65  I.90  2*35  2.85 

Although  those  data  arc  believed  to  be  reasonably  accurate,  they 
should  not  be  considered  as  maxima  since  much  greater  one-heur 
intensities  have  been  recorded  in  the  Southwest.  Examples  of  these 
rains  arc  shown  in  figure  5*  Many  of  these  rains  arc  cf  a magnitude 


l/  Rainfall  Intensity-Frequency  Data.  U.  3.  Department  of  Agri- 
culture Miscellaneous  Publication  No.  20U,  1935* 
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FIGURE  5 

RECORDS  OF  EXCESSIVE  PRECIPITATION 

PECOS  BASIN  NEW  MEXICO 


TIME  IN  HOURS 
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KEY  TO  FIGURE  5 


HARVEY  UPPER  RANCH 

(1)  Sept.  8,  1917 

(2)  July  27,  1919 
GARUN  AS  PLANT  STATION 

(5)  May  12,  1928 
MINERAL  HILL 

(4)  April  23,  1919 
LAS  VEGAS 

(5)  Sept.  11,  1912 

(6)  Aug.  7,  1919 
PASTURA 

(7)  Aug.  11,  1933 
SANTA  ROSA 

(8)  May  30,  1930 
CUERVO 

(9)  May  14,  1921 

(10)  July  20,  1921 

(11)  July  21,  1926 

(12)  April  5,  1939 
VAUGHN 

(13)  May  23,  1921 
FT  SUMNER 

(14)  Aug.  13,  1908 
DURAN 

(15)  July  27,  1927 
TORRANCE 

(16)  June  20,  1913 

(17)  Oct.  1,  1923 
CORONA 

(18)  July  9,  1937 
GALUNAS  RANGER  STATION 

(19)  May  29,  1930 
BOAZ 

(20)  June  12,  1909 
ANCHO 

(21)  June  26,  1937 
THREE  RIVERS 

(22)  Sept.  4,  1916 

(23)  Aug.  7,  1919 
WHITETAIL 

(24)  May  26,  1937 

(25)  June  19,  1937 
MESCALERO 

(26)  Aug.  28,  1923 
ORO  GRANDE 

(27)  June  28,  1920 

(28)  July  2,  1931 

(29)  Sept.  1,  1938 


CLOUDCROFT 

(30)  July  14,  1923 

(31)  July  29,  1927 
NEED  RANGER  STATION 

(32)  Sept.  16,  1919 
ELK 

(33)  Aug.  3,  1906 

(34)  Aug.  23,  1935 
HOPE 

(35)  Aug.  22,  1908 

(36)  May  5,  1919 

(37)  June  4,  1921 

(38)  June  5,  1921 
ARTESIA 

(39)  July  24,  1911 
TATUM 

(40)  Sept.  14,  1927 
IOVINGTON 

(41)  Sept.  9,  1913 
HOBBS 

(42)  Aug.  26,  1915 

(43)  June  7,  1918 

(44)  Aug.  26,  1920 
PEARL  (near) 

(45)  Aug.  16,  1916 
LAKE  AVALON 

(46)  Sept.  9,  1926 

(47)  Oct.  11,  1929 

(48)  June  3,  1930 

(49)  May  23,  1936 

(50)  June  22,  1939 
CARLSBAD 

(51)  June  8,  1904 

(52)  Aug.  6,  1904 

(53)  July  24,  1911 

(54)  July  28,  1916 

(55)  July  30,  1916 

(56)  Oct.  12,  1916 

(57)  July  24,  1928 
CARSON  SEEP  RANGER  STATION 

(58)  April  29,  1915 

(59)  July  5,  1921 

(60)  July  21,  1933 

(61)  Aug.  8,  1925 

(62)  July  19,  1931 

Not  plotted: 

ARAEELA  - 7.71  inches  in  24  hours 
Sept.  16,  1919 
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that  will  not  fall  in  a frequency  array  and  cannot  he  considered  for 
structural  design  purposes  unless  the  maximum  storm  is  to  he  considered* 

C-eneral  sunnier* — The  general  summer  storm  is,  as  its  name  implies,  also 
associated  with  warm  weather.  This  type  is  characterized  hy  heavy  hut 
ordinarily  less  intense  rainfall  over  large  portions  of  the  watershed. 
Another  characteristic  is  the  frequent  occurrence  of  local  high  inten- 
sity storms  within  the  general  storm  area.  Ordinarily  unit  runoff 
rates  from  the  smaller  watersheds  are  not  exceptionally  high  as  a 
result  of  these  storms,  hut  the  combined  effect  of  this  run-off  from 
many  subareas  results  in  the  greatest  floods  of  record  on  the  larger 
tributaries  and  the  main  stem  of  the  Pecos  Hiver.  Although  a certain 
degree  of  heat  differential  is  necessary  for  the  development  of  this 
storm  type,  it  is  not  necessary  that  hot  weather  prevails  when  it 
occurs  since  some  of  the  major  storms  have  been  recorded  during  spring 
and  fall  months*  Amounts  of  rainfall  recorded  during  one— day  periods, 
although  of  little  value  in  the  determination  of  short-time  intensities, 
arc  nevertheless  an  indication  of  what  might  he  expected  from  the  gen- 
eral summer  storm*  Examples  of  frequency-magnitude  relationships  for 
one-day  storms  are  given  in  table  4,  which  follows. 

Table  4 - 1H1EQUSNC  Y-MAGNI TUDE  OE  PRECIPITATION  POP  STATIONS 
IN  AND  NEAR  PECOS  RIVER  WATERSHED. 


Station 

Elev. 

Years  of 
record 
used  in 
frequency 
analysis 

One-day  rainfall  which  probably 
equalled  or  exceeded  once  in: 

10  yrs.  25  years  50  years 

Summer  Yr.  Smr  Year  Smr  Year 

will  be 
100  years 
Smr  Year 

Santa  Rosa 

4,624 

29 

1.91  2.39  2.11  2.66 

2.30  3.04 

2.39  3.31 

Roswell 

3,602 

23 

2.18  2.31  2.52  2.60 

2.97  3.04 

3.32  3.33 

Carlsbad 

3,120 

42 

3.01  3.18  3.66  3.87 

4.57  7.84 

5.28  5.5s 

Et.  Davis 

4,800 

21 

2.22  2.52  2.59  3.16 

3.11  4.31 

3.48  5.30 

In  order  to  attempt  a determination  of  typical  intensity  characteristics 
for  rafns  of  various  sizes,  short-time  recording  rain  gauge  records  we re 
secured  from  J1  rain  gauge  stations  in  New  Mexico  and  western  Texas. 

Some  40  rains  were  taken  from  the  charts  and  grouped  in  various  cate- 
gories of  volume.  Each  grouping  was  averaged  mathematically  and  graph- 
ically with  the  following  results  (Examples,  sec  figures  6 and  7) : 

a.  As  would  be  expected,  intensities  of  rains  were  progressively 
higher  beginning  with  rains  of  0.50  to  1.00  inch  and  up  to 
rains  of  1*50  to  2o00  inches.  Rains  of  from  2.00  to  2.50 
inches  and  over  showed  a tendency  toward  lower  intensities. 
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b.  The  maximum.  intensities  of  re.infr.il  during  the  storm 
period  occurred  within  five  or  ten  minutes  of  the 
beginning  of  rainfall  for  rains  up  to  the  1.50  to 
2 •00-inch  category  with  the  intensities  decreasing  as 
the  storm  progressed.  Eains  in  the  2,00-inch  plus 
class,  however,  shewed  a poak  intensity  avere.ging  some 
15  minutes  after  the  beginning  of  rainfall.  The 
largest  rains,  5“in°h  and  over,  had  almost  no  uniform- 
ity and  ordinarily  were  composed  of  several  51  blocks 11 
of  precipitation,  which  were  in  more  or  less  conform- 
ity with  the  individual  compcsito  rains  although  they 
were  generally  somewhat  less  intense, 

80,  Goncral  winter . — The  third  storm  type , ” general  winter,”  is  impor- 
tant only  as  it  has  its  place  in  the  climatology  of  the  Pecos  Ba- 
sin* The  absence  of  significant  heat  differentials  and  of  air 
containing  large  quantities  of  moisture  during  the  winter  months 
almost  preclude  the  occurrence  of  rainfall  either  of  high  inten- 
sity or  amounts.  This  typo,  therefore,  is  characterized  by  inter- 
mittent low  intensity  rains  frequently  of  several  days  duration  end 
is  of  little  consequence  in  the  consideration  of  flood  flows# 

Infiltration  Analysis 

81.  Infiltration  related  to  plant-soil  groups. — Some  260  infiltration 
runs  were  me.de  on  the  Pecos  River  watershed  during  I9U0,  using  the 
FA  type  infiltrometer . Wet  runs  were  me.de  under  different  condi- 
tions of  soils  end  vegetation.  An  analysis  indicated  a relation- 
ship between  plant  cover  density  and  the  final  infiltration  rate. 
The  analysis  he.s  been  substantiated  by  grouping  all  of  the  runs 
according  to  different  nlant  cover  densities.  The  correlation  was 
determined  to  be  "highly  significant”  and  is  illustrr.tcd  in  figure 
8. 

82.  Using  this  over-all  relationship  e.s  a basis,  a procedure  was 
developed  to  determine  the  influence  of  changes  in  plant  cover  on 
the  infiltration  rate  under  present  conditions  e.nd  conditions  that 
might  be  expected  with  a program#  Once  this  had  been  accomplished, 
the  amount  of  precipitation  excess  for  different  storm  types  could 
be  determined, 

83,  It  was  found  that  the  260  infiltration  runs  could  be  grouped 
according  to  seven  broad  groups  of  soils  and  vegetation  and  that 
each  group  could  be  analyzed  separately.  The  plant -soil  groups 
established  arc  as  follows: 


■* 


' 

\ s . .. 

-iti-i  .'t'irvj 


t 


. 

• 

• 

■ 

• 

• 

* 

■ 

JU 

: it 

. 


..  fa  ’ 


. 

• . 

. 

zi  1 * 

• 

. 1 

‘ 

■ 

. : ' 

» l • 


• ' ’ ' ' 

. . e .tv.  ‘ • ; 

. 


• " : . • :>  ^ • ’ • * , ' 

■ 

; L . . . - ■-  . •'  '•  ' 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE  SOIL  CONSERVATION  SERVICE 


-M 

tr 

tt, 

■4-1- 

_t_L 

- 

<0  to  5i-  ro 

dDOH  d3d  S3HONI  - SNfld  13M 


O 

o 


o 

<T> 


to 

00 

t 

00 

K 

o 

ro 


i 

<0 


o 

00 


o 

s- 


o 

(0 


o 

to 


z 

Ul 

0 

a: 

UJ 

a. 

1 

>- 

K 

CO 


Q 

Z 

< 

-I 

CL 


o 


o 

pO 


O 

CM 


o 


o 


o 

5 

UJ 

or 


CO 

UJ 

* 


x 

t- 

3 

O 

CO 


g 

I 

to 

N 

I 

2 

flD 

2 

6 

3 

< 

(0 

ee 

CO 

d 

co 


CSJ 


o 


- 2o  - 


Plant-Scil  Group 

I.  Desert  grassland  on  all  soils  of  varying 

depths  and  textures* 

II*  Desert  shrub-grassland  on  shallow  and  medium 
depth  soils,  30  inches  or  less  in  depth,  of 
varying  textures  and  underlain  mainly  by 
limestone  and  gypsum. 

Ill*  Desert  shrub-grassland  on  deep  soils,  3^ 

inches  or  more  in  depth,  of  varying  textures 
and  comprised  mainly  of  alluvium* 

IV*  Woodland— grassland  on  all  soils  of  varying 

depths  and  textures. 

V.  Short  grassland  on  shallow  and  medium  depth 
soils,  30  inches  or  less  in  depth,  of  varying 
textures  and  frequently  including  a caliche 
hardpan. 

VI.  Short  grassland  on  deep  soils,  JO  inches  or 
more  in  depth,  of  varying  textures,  including 
a caliche  hardpan. 

VII.  Conifer  on  shallow  and  medium  depth  soils  JO 
inches  or  less  in  depth,  of  varying  textures 
and  underlain  "by  igneous  rocks,  limestone  or 
sandstone. 

Plant-Soil  Group  VII  was  omitted  from  the  present  analysis  of  infil- 
tration rates  Decause  it  was  inadequately  sampled.  It  occupies 
only  5 percent  of  the  watershed.  Plant-soil  groups  are  delineated 
on  map  12. 

S4-.  Bange  condition.— Within  a soil  group  comprised  of  soils  of  similar 
characteristics,  plant  cover  density  is  only  one  of  several  factors 
influencing  infiltration.  Other  factors  observed  from  infiltration 
runs  were  composition  of  the  vegetation,  thriftiness  or  vigor  of 
the  desirable  plants,  and  present  activity  of  erosion.  Using  these 
four  factors,  a guide  table  was  developed  to  determine  the  range 
condition  for  each  of  the  six  plant-soil  groups.  The  guide  tables 
provided  for  the  classification  of  each  plant-soil  group  into  four 
classes  of  conditions:  excellent,  good,  fair,  and  poor.  Por 

example,  there  follows  the  guide  tables  used  for  plant-soil  group 
III  and  V (table  5)*  The  comparative  composition  of  the  good, 
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Tablo  5 - RANGE  CONDITION  CLASSIFICATION  GUIDE 


Pc-cos  River  Watershed 


Plant-Soil  Group  III 


FACTORS 


C L A S S E S 

Excellent  Good  Fair  Poor 


I.  Composition 


a.  0\^d  Plants 

b.  Fair  Plants 

c.  poor  lar.ts 

7 0/b  or  mere 

10-3 o% 
0-10% 

1+0-65?; 

35-5<$ 

0-20?J 

15-35?? 

55-70?? 

0-J>0% 

0-10^ 

0-100$ 

0-100$ 

II. 

°lant  Cover  Density 

1+0 % or  more 

30-J+o?? 

20-30?? 

20$  or  less 

III. 

Viger  of  Good  °lants 

Maximum 

High 

Medium 

Low 

IV. 

Active  Erosion 

None 

Slight 

Moderate 

Severe 

Plant-Soil  Group 

V 

- 

FACTORS 

C 

L A 

S S E 

S 

Exec llcnt 

• 

Good 

Fair 

Poor 

I. 

Composition 
a.  Good  Plants 

85%  or  more 

65-80$ 

1+0-60$ 

0-35?? 

b.  Fair  Plants 

0-10$ 

10-20/? 

25-1+0?? 

0-100?? 

c.  Poor  Plants 

0-5% 

0-15?? 

0-35?? 

0-100^ 

II. 

Plant  Cover  Density 

1+5$  or  more 

35-U55? 

20-35?? 

20%  or  less 

III. 

Vigor  of  Good  plants 

Maximum 

High 

Medium 

Low 

IV. 

Active  Erosion 

None 

Slight 

Moderate 

Severe 
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fair  and  poor  plants  generally  determined  the  condition  class 
except  when  altered  by  the  density,  vigor,  or  active  erosion. 

Where  these  factors  were  one  or  more  grades  below  that  required 
for  a particular  class,  as  determined  by  composition,  the  area  was 
placed  in  the  next  lower  class.  For  example,  if  the  area  classi- 
fied as  ’’good”  according  to  composition  but  with  the  vigor  ’’medi- 
um” instead  of  ’’high,”  the  area  was  then  classified  as  ’’fair.” 

The  present  condition  of  the  six  plant-soil  groups  was  determined 
through  field  inspection,  and  estimates  were  made  as  to  the 
chan  ;cs  in  condition  which  arc  expected  to  take  place  with  a 
program*  Graphs  were  prepared  for  each  plant-soil  group  illus- 
trating the  relationship  between  plant  cover  density  and  tho 
infiltration  rate  at  the  end  of  the  wet  run  (fc).  Using  the  den- 
sity factor  from  the  range  condition  classification  guide  tables 
for  each  plant-soil  group,  the  four  classes  of  condition  were 
superimposed  on  these  graphs.  (Sec  figures  9 and  10  as  examples.) 
After  an  area  was  classified  into  one  of  the  four  conditions 
according  to  the  guide  tables,  a determination  of  the  infiltration 
rate  (fc)  could  be  made  by  reading  directly  from  the  graph  of  each 
plant-soil  group.  In  this  manner  it  was  possible  to  use  the  four 
factors  which  influenced  the  infiltration  rate  (fc)  based  on 
condition  changes  expected  with  a program.  A summary  of  tho 
expected  changes  in  condition  and  infiltration  (fc)  within  the  six 
major  plant-soil  groups  is  shown  in  table  6.  Complete  infiltration 
curves  were  then  developed  for  each  value  of  f . 

85.  Precipitation  excess . --Having  developed  infiltration  curves  for 

each  condition  class  in  each  plant-soil  group,  typical  histograms 
of  rainfall  for  storms  of  various  frequencies  were  developed  (par* 
790  The  infiltration  curves  were  then  inserted  into  the  typical 
histograms  of  rainfall,  and  the  precipitation  excess  developed  for 
rains  of  various  frequencies.  Figures  6 and  7 give  an  example  of 
precipitation  excess  for  a typical  storm.  In  the  analysis  of 
probable  rates  of  run-off  for  various  frequencies  under  present 
conditions  and  in  the  future  with  a program,  the  amount  of  precipi- 
tation excess  under  these  varying  conditions  from  a given  storm  on 
a particular  watershed  is  the  predominating  factor.  Customarily 
this  precipitation  excess  is  translated  into  volume  of  run-off 
that  might  be  expected  to  occur  under  the  above  two  conditions, 
and  this  is  translated  into  peak  discharge  through  peak- volume 
relationships*  Seldom,  however,  docs  an  entire  watershed  fall 
entirely  within  one  plant-soil  group.  It  was  , therefore,  neces- 
sary in  the  consideration  of  the  probable  flood  from  a particular 
subwatershed  to  weigh  the  precipitation  excess  in  accordance  with 
the  area  occupied.  This  was  done  for  each  subwatershed  studied 
( Re  f c r t o par • 101 . ) 
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Tablo  6 - SUMMARY  OF  CONDITION  AND  EXPECTED  INFILTRATION  RATES  (fc)  BY  PLANT-SOIL  GROUPS 

UNDER  PRESENT  CONDITIONS  AND  WITH  A PROGRAM 
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Run-off 


86.  Annual  run-off. — The  average  annual  run-off,  as  rccordod  by  stream 
gauging  stations  (See  map  13  for  locations )f  shows  a progressive 
increase  in  average  annual  discharge  of  the  main  Pecos  River  from 
84,828  acre-feet  at  Pecos,  Row  Mexico,  from  a drainage  area  of  I89 
square  miles,  to  292,080  acre-foot  at  Artesia  from  a drainage  arcs, 
of  15,300  square  miles.  Below  the  Artesia  gauge,  the  average 
annual  run-off  decreases  to  246,24-5  acre -feet  at  Carlsbad  from  a 
drainage  area  of  18,100  square  miles.  At  the  R'd  Bluff  gauging 
station  a few  miles  north  of  the  New  Mcxicc-Tcxas  boundary  line, 
the  average  annual  discharge  increases  to  260,000  acre -feet  from  a 
drainage  area  of  20,544  square  miles  due  to  the  contribution  of 
bn.se  flow  from  numerous  springs  and  surface  flow  contributed  by 
the  Delaware  Creek  drainage.  At  the  Comstock  gauge,  located  at 
the  oxtreme  lower  ond  of  the  watershed  just  a few  miles  above  the 
confluence  of  the  Pecos  River  and  the  Rio  Grande , the  aver a go 
annual  discharge  is  39^,100  acre-feet  from  a drainage  area  of 
approximately  33 ,200  square  miles.  A large  portion  of  this  dis- 
charge is  from  base  flow  contributed  by  numerous  springs  in  the 
area  below  Girvin,  Texas.  Examples  of  monthly  and  annual  run-off 
are  given  in  table  7 • 

87.  Records  of  run-off  from  tributary  watersheds  of  the  Pecos  cere  very 
fragmentary  or  cover  only  short  periods  of  time.  Inasmuch  as  they 
often  include  the  years  of  1941  and  1942,  which  were  extremely 
unusual,  it  is  very  difficult  to  establish  average  quantities  dur- 
ing supposedly  normal  years.  Amounts  of  surface  run-off  (acre- 
feet  per  square  mile)  vary  widely  within  the  watershed,  not  only 
in  proportion  to  the  size  of  the  contributing  watershed  but  also 
in  relation  to  the  amounts  and  types  of  precipitation.  For 
oxamplc,  the  average  annual  run-off  on  the  Pacos  River  at  Pecos, 
New  Mexico,  from  a forested  watershed  where  there  is  much  snow 
storage,  is  449  acre-feet  per  square  mile.  This  can  be  contrasted 
with  the  inflow  between  Gue.dalupc  and  Acme,  which  comes  from  a 
low-lying  portion  of  the  watershed.  The  average  annual  run-off 
from  this  area  (6,990  square  miles)  is  estimated  at  only  3*3  acre- 
feet  per  square  mile.  Between  these  two  extremes  arc  watersheds 
which  receive  less  precipitation  than  the  extreme  upper  Paces  but 
still  produce  much  more  run-off  than  the  semiarid  areas.  As  an 
oxamplc,  the  Rio  Ruidoso,  a watershed  of  307  square  miles, 
produces  an  average  ^f  41  acre -feet  per  square  mile  annually,  l/ 


l/  The  years  1941  and  1942  were  excluded  in  arriving  at  the  above 
compare. ti vc  yields  because  of  the  extremely  unusual  rains  and 
run-off. 
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STREAM  GAGING  STATIONS 

1 Pecos  River  of  Pecos,  N.M. 

2 Pecos  River  at  Anton  Chico, N.M. 

3 Pecos  River  at  Santo  Rosa,  N.M 

4 Pecos  River  at  Puerto  De  Luna, N.M. 

5 Pecos  River  at  Guadalupe, N.M. 

6 Pecos  River  at  Acme,  N.M. 

7 Pecos  River  at  Lake  Arthur,  N.  M. 

8 Pecos  River  at  Artesio,  N.  M. 

9 Pecos  River  of  Dayton, N.M. 

10  Pecos  River  at  Carlsbad, N.M 

11  Pecos  River  at  Malogo,N.M. 

12  Pecos  River  at  Red  Bluff, N.M. 

13  Pecos  River  at  Angeles,  Tex 

14  Pecos  River  at  Orla,Tex. 

15  Pecos  River  at  Pecos, Tex. 

16  Pecos  River  at  Barstow.Tex. 

17  Pecos  River  at  Grand  Falls, Tex. 

18  Pecos  River  at  Girvin,Tex. 

19  Pecos  River  at  Sheffield, Tex. 

20  Pecos  River  near  Comstock , Tex. 

21  Rio  Ruidoso  ot  Hondo,  N.M 

22  Rio  Hondo  ot  Diamond  A, N.M. 

23  Rio  Feliz  near  Hagermon,N.M. 

24  Rio  Penasco  at  mouth 

25  Delaware  River  neor  Red  Bluff, N.M. 

26  Toyah  Creek  near  Bolmorhea.Tex 

27  Limpio  Creek  near  Ft.  Davis.  Tex. 

28  Rio  Bonito  at  Hondo,  N.  M. 

<D  Active 
® Inactive 


Bose  mop  developed  from  Corps  of  Engineers, U.S.  Army 
*cos  River  Joint  Investigation  , ond  others . 
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Run-off  Distribution  of  Annual 


Table  7.  — EXAMPLES  OF  AVERAGE  AMUiJL.  RUN-OFF  IN  ACRE  FEET  AID 

MONTHLY  DISTRIBUTION 


Pc c os  Rive  r Wr.tc  rs  he d 

Pecos  River  l/:  Pc  cos  Rive  r l/;  Pecos  River  l/:Rio  Felix  1/ 


Pecos,  N.  M.  sArtesia,  N.M.  :Coms took, Texas 


Ha  go  men,!!.' 

1933-1944 


;c ri od  of  Re c o rd 


1905-1945  : 1905-194ll  : 1900-191®“ 


Drainage  Area 
(Sq.  Mi.) 


169 


15,300 


35,242 

2775 


952 


January 
% of  Annua.  1 


1.7 

2.0' 


Fc-  bruary 
% of  Annual 
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2.0 
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CH 
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1 
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'A  1 

| May 

% of  Annual 

3.4 


17.5 

~5TF 


13 .4 

“S7T 


16.6 


u u 

y • j 


■5:7 


22.8 

“37T 


22.1 


0.9 


4.3 

TT 


0.. 


3-8 


0.5 

27TT 


“oTT 


9.0 

1(575” 


7.T 


22.7 


2678 


Ch 


June 


! ! % of  Annual 


17.1 

"SOTS' 


37.2 

Kvr 

37V 


July 
§ j $ of  Annual 


o 


August 
/o  of  Annual 


8.7 

Tory 

TX 


1S7IT 

345' 


11.2 
"28. "5 


8.7 


Sc at ember 
% of  Annual 


5.2 


9.5 


6.1 

3~X 


TlX 

26.F 


27.7 

“678" 


39*9 


9.7 

■4T.IT 


10.6 

28.9 


.1 


33.3 


8.1 


51.1 


12.5 


XX 


22.2 


1.2 


5.6 


1.0 


4.7 


176" 


7.5 

T7Z 


?9*2 


October 
| % of  Annua  1 
I November 
| \%  of  Annual 


XT 


276 


8.9 

l57T 


3.0 


54" 


j December 
yfo  of  Annual 


2.2 


17.1 


276 


annual  Run- off 
1 , 00  0 ac . ft . 


5.7 


8U.8 


300.2 


50.2 


12.2 


3472 


8.3 

2876" 


7.0 


U 09. 8 


e 


Maximum 
Ye  ar 


o : 

‘ Minimum 

o , Ye  ar 
o 


1.5 


7.1 


1.2 


5.7 


1.0 

T.7 


21.2 


208. 9 

: 1,351.0 

: 1,330.9 

1 5? -9 

1941 

: 194~ 

: 19la 

: 1941 

29.2 

s 93  >8 

* 159.3 

; 4.4 

193a 

s "WT 

i 1912 

1944 

l/  Refer  to  Map  13  for  location  ef  gating  stations. 
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So.  Seasonal  distribution. — The  normal  distribution  of  precipitation 
through  the  year  is  very  favorable  for  the  production  of  run-off 
during  the  growing  season,  particularly  in  the  upper  reaches  of 
the ' watershed.  For  example,  the  discharge  past  Pecos,  hew  Mexico, 
during  the  period  April— September  amounts  to  S3  percent  of  the 
average  annual  flow.  Lower  down  the  watershed,  however,  the  pro- 
portion is  not  as  great  (64  percent  at  Artesia)  due  to  the  influ- 
ence of  spring  flow  and  the  complex  irrigation  and  storage  devel- 
opments above  this  point.  At  Comstock,  in  the  lower  reach,  the 
run-off  occurring  during  April— September  is  55  percent  of  the 
total  annual. 

History  of  Major  Floods 

£0.  General. — Stream  gauging  records  for  the  watershed  date  back  to 
1904.  'Luring  the  period  1904-1916,  four  major  floods  occurred, 
1904,  1905 , 1914,  and  1915*  A general  description  of  floods 
occurring  since  1916  follows. 

90.  Flood  of  August  1916. — The  recorded  peak  at  Carlsbad  was  %5,~JC0 
cfs  on  August  7,  while  at  Layton  on  August  9>  the  average  for  the 
day  was  1,600  cfs.  The  inflow,  therefore,  was  from  tributaries 
below  Layton  and  above  Carlsbad;  probably  from  the  Penasco  or  a 
tributary  in  its  vicinity.  The  flood  at  Angeles  gave  a gauge 
height  of  21.5  and  an  undetermined  discharge.  The  peak  at  Angeles 
in  1937  was  3S,900  cfs.  The  second  flood  of  the  month  was  on 
August  24,  a peak  of  1,2.00  cfs  occurring  at  Layton  and  a Egan 
daily  peak  of  16,500  cfs  at  Carlsbad  on  August  23#  At  Angeles 
the  average  flow  was  14,000  cfs  on  the  24th.  The  peak  at  Grand 
Falls,  Texas,  was  4,370  cfs  on  August  29 • 

91.  Flood  of  September  1919# — A tropical  hurricane  originating  south 
of  Florida  moved  west  and  entered  Texas  near  Brownsville  on  Sep- 
tember 14,  then  veered  northwest  and  moved  over  the  Pecos  Liver 
watershed  to  be  dissipated  against  the  mountains  on  the  west  side 
of  the  valley.  The  basin  received  an  average  of  3 inches  of  rain 
during  the  period  September  14-17.  The  high  center  was  9*7^ 
inches  at  Meek,  Hew  Mexico,  which  occurred  between  the  morning 

of  September  15  and  noon  of  September  17.  Buchanan,  west  of 
Fort  Sumner,  recorded  over  4 inches  on  the  l6th  and  Arabela 
more  than  7 inches  on  the  17th,  Carson  Seeps,  Hew  Mexico  had 
over  E inches  in  two  days.  The  run-off  from  the  general 
rainfall  on  the  western  portion  of  the  upper  and  middle  basin 
resulted  in  flood,  flows  from  Layton  to  the  mouth  of  the 
Pecos.  'The  peak  discharge  at  Guadalupe  on  the  17th  was  5>600 
cfs,  and  a mean  daily  flow  of  40,000  cfs  at  Layton  on  the  18th. 
Inflow  was  probably  from  large  tributaries  such  as  the 
Cienega  del  Macho.  The  flood  at  Carlsbad  was  reduced  to  23»6C0 


% 
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cfs  (mcr:.n  daily)..  Angeles  recorded  22,14-00  cfs  on  the  20th  and  at 
Grand  Falls , Texas,  the  flood  was  13*000  cfs  on  the  25th*  The 
peak  flow  at  Comstock,  Tex-as , was  87  , 000  cfs  on  the  16th* 

92.  Flood  of  March  1919* — Rainfall  during  the  period  March  20-24  was 
concentrated  in  the  middle  and  lower  basins  of  the  Pecos  water- 
shed. Roswell  recorded  slightly  over  5 inches  of  rainfall  for 
the  period,  while  Grand  Falls,  T:x\s,  received  about  2 inches. 
Discharges  in  excess  of  flood  stage  were  recorded  from  Dayton  to 
near  Grand  Falls.  The  following  tabulation  shows  maximum  dis- 
charges and  dr.tcs  of  occurrence. 


Stream 

Station 

Date  1 

fcan  Daily  Flow  in  CFS 

Pecos 

Rivr 

Guadalupe 

3/2 4 

1,070 

1! 

tt 

Dayton 

3/24 

26,000 

It 

if 

Carlsbad 

3/25 

23,600 

ft 

it 

Angeles 

3/25 

21,000 

tl 

ft 

Bans  tow 

3/26 

a 560 

tt 

tt 

Grand  Falls 

3/29 

10,500 

Records  of  peak 

flows  are  not 

available . 

93 • Flood  of  August-October  1932 . --Rainfall  for  the  period  August  27- 
31  in  eastern  New  Mexico  and  western  Texas  had  two  main  centers, 
Roswell  and  the  Fort  Davis -B aimer he a area.  Roswell  recorded  3*87 
inches  between  August  27  and  29 • Fort  Davis  received  3*90  inches 
on  August  27  and  5*30  inches  on  August  29*  Balmorhca  recorded 
2*72  inches  on  August  30*  The  main  center  of  the  storm  was  over 
the  Devils  River  Basin  in  southwestern  Texas,  where  13*74  inches 
fell  at  substation  l4  during  two  days , August  31  and  September  1. 
Rainfall  during  the  second  storm  period  was  concentrated  in  the 
Alpine -Balmorhca  area,  On  September  6 and  7,  Alpine  r ccivcd  3 
inches  of  rain  and  Balmorhca  2*22  inches.  During  the  third  storm 
period,  September  22-30,  moderate  to  heavy  rains  fell  almost 
continuously  in  the  Pecos  watershed  in  the  low^r  New  Mexico  and 
Texas  portions.  From  August  29  to  September  3,  floods  occurred 
on  Toyah  Creek  wat  rshed,  having  a peak  discharge  of  lLi.,200  cfs. 
The  pco.k  flow  for  Limpia  Creek  near  Fort  Davis  was  15,500  cfs  on 
August  30.  On  September  1 the  peak  flow  at  Comstock,  Texas,  was 
116,000  cfs  with  a maximum  mean  daily  flow  of  57*900  cfs.  No 
flood  flow  occurred  during  this  period  at  Angeles , and  there  arc 
no  records  of  stages  on  the  Pecos  Rivr  between  Angeles  and 
Comstock.  On  Sept-mber  7,  a peak  discharge  of  26,100  cfs  occurred 
on  Toyah  Creek  near  Balmorhca.  The  mc.ximum  mean  daily  at  Com- 
stock, Texas,  was  8,310  cfs  on  this  date.  No  flood  discharge  was 
observed  at  Angeles  during  this  period,  and  there  arc  no  records 
of  stages  on  the  Pecos  River  between  Algclcs  and  Comstock.  Flood 
flows  began  simultaneously  at  all  gauges  along  the  Pecos  River 
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■between  Dayton  and  Angeles  on  September  25  and  reached  almost 
simultaneous  peak  stages  at  these  gauges  between  September  27  and 
October  1.  Ho  flood  occurred  at  the  Guadalupe  gauge  during  this 
period.  On  October  1,  the  peak  discharge  at  Angeles  was  15,900 
cfs.  This  peak  was  reduced  to  6,360  cfs  at  Comstock  on  October  l6. 
The  mean  daily  flow  at  Dayton  was  16,000  cfs  on  September  30  and 
14,500  cfs  at  Carlsbad  on  October  1. 

94.  Plood  of  Hay-June  1937.* — This  storm  consisted  of  three  periods  of 
showers  and  thunderstorms,  occurring  during  May  23-24,  May  27-29, 
and  June  1-3*  Total  precipitation  over  the  entire  basin  was  in 
excess  of  3 inches  for  the  storm  periods.  Principal  rainfall  dis- 
tribution was  in  three  centers:  Ragland,  with  12*04  inches;  V/hite 
Tail,  with  8.9  inches;  and  Port  Stockton,  with  4.4  inches.  The 
greatest  24-hour  amounts  recorded  for  the  first  period  was  2.03 
inches  at  Tatum  on  May  24.  Por  the  second  period,  the  greatest 
recorded  amount  in  24  hours  was  at  Artesia  where  3«l4  inches  fell 
on  the  28th.  'The  largest  24-hour  total  for  the  third  period  was 
2.45  inches  on  June  1 at  Irvines  ranch.  A momentary  peak  of  13,9^0 
cfs  occurred  in  the  Pecos  River  at  Santa  Rosa  on  Hay  27*  Peak 
discharges  in  the  tributaries  did  not  synchronize  with  high  flows 
in  the  main  stream,  as  indicated  by  a peak  discharge  of  26,500  cfs 
in  Rio  Pelix  at  Hagerman  on  May  29;  24,900  cfs  in  Rio  Hondo  on 
June  1;  and  37*7^0  cfs  in  Berrendo  Creek  near  Roswell  on  June  1. 

On  June  2 a peak  discharge  of  55,200  cfs  occurred  at  Santa  Rosa, 
followed  by  a peak  discharge  of  24,800  cfs  on  June  3 in  Alamogordo 
Creek  above  the  Alamogordo  Dam.  The  Alamogordo  Dam  reduced  these 
peaks  to  23,200  cfs  on  June  3*  in  the  meantime,  on  May  28,  a peak 
discharge  of  53,3^0  cfs  was  recorded  at  Acme  from  inflow  below 
Alamogordo  Dam,  principally  from  the  Cienega  del  Macho,  a tributary 
of  Salt  Creek.  The  peak  discharge  at  Artesia  was  54500  on  May  30 
and  slowly  diminished  as  the  flood  crest  passed  downstream.  The 
peak  was  reduced  to  5,530  cfs  at  Orla,  Texas,  on  Juno  9 principally 
by  Red  Bluff  Reservoir,  which  had  about  285,000  acre-feet  of  avail- 
able storage  capacity  at  the  beginning  of  this  flood.  Comstock, 
Texas,  recorded  a jjeak  discharge  of  1,870  cfs  on  June  26. 

95*  Plood  of  May  1941. — Heavy  rains  during  the  period  May  20-27  were 
general  over  the  eastern  portion  of  Hew  Mexico  with  the  greatest 
mass  of  rainfall  in  the  period  May  20-25.  At  Carlsbad  2.94 
inches  fell  on  the  22d  and  6.24  inches  on  the  22d  and  23d. 

Lake  McMillan  recorded  5 inches  on  the  22d,  and  Pearl  (nearby) 
recorded  4.05  inches  on  the  24th  and  7*15  inches  on  the  24th  and 
25th.  A major  flood  occurred  throughout  the  Pecos  Basin  below 
Puerto  de  Luna,  the  heaviest  run-off  originating  principally  on 
the  tributaries  between  Roswell  and  Red  31uff  Reservoir.  On  the 
Rio  Hondo  at  Diamond  A Ranch,  a peak  discharge  of  20,500  cfs 
occurred  on  May  29*  On  May  23,  28,700  cfs  occurred  in  the  Dela- 
ware River  near  Red  Bluff,  while  in  the  Rio  Pelix  near  Hagerman 
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9,630  cfs  occurred  on  this  date.  In  this  area,  Worth  Seven  Rivers, 
Rocky  Arroyo  above  Carlsbad,  and  Dark  Canyon  at  Carlsbad  also 
experienced  floods.  These  tributary  floods  did  not  synchronize, 
and  natural  channel  storage  of  the  Pecos  River  flattened  out  the 
sharp  local  peaks.  The  flood  hydrograph  on  the  Pecos  River  shows 
a series  of  peaks  each  related  to  flood  flows  in  individual  tribu- 
taries. Alamogordo  Reservoir,  with  only  14,000  acre-feet  avail- 
able storage  at  the  beginning  of  the  flood,  had  very  little  effect 
in  reducing  the  peak.  Red  Bluff  Reservoir  had  about  130,000  acre- 
feet  of  storage  at  the  beginning  of  the  flood.  This  storage  re- 
duced the  flood  volume  below  Red  Bluff  Dam  and  delayed  and  reduced 
the  peak  at  Orla.  Maximum  peak  flows  on  the  Pecos  River  were  as 
follows:  26,300  cfs  at  Puerto  de  Luna  on  May  23?  19,100  cfs  at 

Acme  on  the  24th;  60,000  cfs  at  Carlsbad  on  the  22d;  57*700  cfs 
at  Malaga  on  the  22d,  and  52,600  cfs  at  Red  Bluff  on  the  24th. 

The  maximum  mean  daily  at  Orla  was  12,200  second-feet  on  May  30* 

The  peak  flow  was  not  recorded. 

96.  Blood  of  September-0 ctober  194l.~»The  rainfall  during  the  period 
September  20-24  was  the  greatest  recorded  in  Hew  Mexico  since  the 
establishment  of  precipitation  records.  The  three  centers  of 
intense  precipitation  on  the  Pecos  watershed  were  Alamogordo  Dam 
with  S.52  inches,  Bonito  Lam  with  9«&9  inckGS*  a^d  Dave  McCollum 
ranch  near  the  head  of  Dark  Canyon  (unofficial  measurement)  , where 
21.25  inches  were  reported  during  the  3~day  period.  The  inten- 
sities at  this  location  were  said  to  have  reached  10  inches  in  six 
hours  on  September  20.  At  Pelix  4.5  inches  were  recorded  on  tho 
20th  and  7*2  inchos  in  4S  hours.  The  greatest  24-hour  amount  at 
Alamogordo  Dam  occurred  on  tho  22d  where  J*ll  inches  were  recorded. 
White  Tail  recorded  4 inches  on  the  21st  and  6,67  inches  in  4S 
hours.  Artcsia  recorded  3»4l  inches  on  the  22d  and  6.65  inchos 
in  4S  hours.  Ten  stations  distributed  through  the  middle  of  the 
Pecos  Basin  recorded  rains  in  excess  of  3.5  inches  and  averaging 
4.23  inches  on  September  22d.  The  greatest  amounts  on  the  23d 
wore  3.S5  inches  at  Carlsbad  Caverns  and  3*75  inches  near  St. 

Vrain.  Rainfall  tapered  off  on  September  24,  25  and  26,  but  some 
rainfall  occurred  over  the  western  portion  of  the  middle  basin 
during  the  period  Sox^t ember  27~29*  The  heaviest  rainfalls  reported 
for  this  storm  were  4.75  inches  at  Tularosa  on  the  26th  and  4.76 
inches  at  White  Tail  on  the  29th.  Isohyets  for  the  storms  of  Sep- 
tember 20-24  and  September  27~30  are  delineated  on  maps  l4  and  15* 

97-  The  maximum  flood  on  record  was  recorded  on  the  Rio  Pelix  at  Eager- 
man,  Rio  Hondo  at  Diamond  A Ranch,  Rio  Penasco  near  Hope,  and  Dark 
Canyon  at  Carlsbad.  The  peak  flow  on  Dark  Canyon  was  estimated  at 
around  100,000  cfs  on  September  20.  On  the  22d  the  peak  flows  on 
the  Rio  Hondo  and  Rio  Pelix  were  26,500  cfs  and  20,000  cfs  respec- 
tively. The  estimated  peak  flow  on  the  Rio  Penasco  at  the  Hope 
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Retard.  Dam  was  75*000  cfs  on  the  23d.  Ijaximum  or  near  maximum 
discharges  occurred  from  the  Acme  gauge  to  the  head  of  McMillan 
Reservoir  and  from  the  mouth  of  Dark  Canyon  near  Carlsbad,  New 
Uexico,  to  Sheffield,  Texas.  A study  of  the  hydrograph  of  the 
Pecos  River  at  Malaga  illustrates  the  influence  of  tributary  inflow 
on  the  Pecos  River.  On  September  21,  a peak  discharge  of  63, 700 
cfs  occurred  as  a result  of  the  Dark  Canyon  flood  of  100,000  cfs. 
The  Black  River  inflow  resulted  in  a peak  discharge  of  approxi- 
mately 20,ij00  cfs  on  September  22,  and  on  the  2ofch,  as  a result  of 
the  flood  flow  from  Rio  Hondo,  Rio  Felix,  and  the  upper  and  central 
portion  of  the  Pecos  watershed,  a discharge  of  approximately 
30,200  cfs  was  recorded.  A peak  discharge  of  approximately  19,300 
cfs  occurred  October  3 as  & result  of  a local  flood  on  Rio  Hondo 
and  the  upper  Pecos  watershed.  The  total  volume  of  this  Septenbcr- 
October  flood  was  the  maximum  on  record  along  the  main  stream  of 
the  Pecos  niver  with  615,000  acre-feet  entering  the  Red  Bluff  Res- 
ervoir in  the  period  September  19  to  October  22  inclusive.  All 
of  the  reservoirs  on  the  main  stream  spilled.  Considering  the 
total  volume  of  run-off,  peak  flows  on  the  main  stream  of  the  Pecos 
River  were  relatively  low.  Tributary  flood  flows,  as  illustrated 
by  the  study  of  the  Malaga  hydrograph,  did  not  synchronize.  The 
following  tabulation  shows  peak  flow's  at  selected  stations  along 
the  Pecos  River  as  the  flood  progressed  downstream: 


Stream 

Station 

Li  at  e 

Max.  Peak  Flow 

Pecos  River 

Acmo 

9/25 

1+5,000 

n u 

Lake  Arthur 

9/21+ 

!i9,6oo 

Si  Si 

Carlsbad 

9/26 

33,900 

i!  Si 

Or  la 

9/29 

23,700 

SI  1< 

Pecos 

9/50 

22,200 

IS  SI 

Grand  Falls 

10/2 

22,000 

II  t) 

Girvin 

10/5 

20,000 

IS  Si 

Sheffield 

10/8 

13,800 

98.  Flood  of  August -September  19i|2« — The  rainfall  during  the  period 
August  ~Jl- & ept ember’  1 was  general  over  the  entire  Pecos  Basin 
with  the  major  portion  of  the  storm  centered  in  the  northern  part. 
Unofficial  measurements  indicated  a total  precipitation  of  about 
9 inches  just  west  of  Alamogordo  Dam.  The  autographic  record  at 
Anton  Chico  indicated  6.68  inches  in  an  18-hour  period  from  the 
forenoon  of  August  to  the  forenoon  of  September  1.  On  August 
31,  1|*U  inches  wrere  recorded  at  Vaughn,  at  the  Las  Vegas  experimen- 
tal plot  3»90  inchesoccurred  on  September  1,  and  6.59  inches  fell 
in  the  I4S- hour  period  from  August  yl  to  September  1.  As  is  to  be 
expected  from  the  rainfall  pattern,  this  flood  originated  in  the 
upper  portion  of  the  basin  and  was  dissipated  as  it  progressed 
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downstream,  on  the  Pecos  River  by  channel  storage  and  reservoir 
regulation.  The  peak  discharge  at  Anton  Chico  ms  9,850  cfs, 
48,600  cfs  at  Puerto  de  Luna,  and  1|2,800  cfs  at  Guadalupe  on 
September  1.  Acme  recorded  a maximum  peak  of  37,000  cfs  on  Sep 
tember  2.  As  the  flood  progressed  downstream,  this  peak  was 
reduced  to  iu, 890  cfs  at  Red  Bluff  on  September  8, 


Flood  Characteristics 


99*  Stage-volume  relationships. — The  maximum  annual  flood  flows  were 
tabulated  for  all  gauging  stations  on  the  watershed  with  records 
long  enough  to  be  significant.  Peak  dischar ge-volume  relation- 
ships were  worked  out  for  selected  stations  using  the  stream 
gauging  records.  Figure  11  is  an  example  of  these  developed 
r e lat  i on s hips  * 

100.  Frequency  and  magnitude  of  floods. — Flood  frequency  relationships 
for  present  conditions  were  worked  up  for  all  significant  gauging 
stations  where  records  covered  a reasonable  longth  of  time.  The 
maximum  flood  peak  flow  each  year  of  record  was  used  to  determine 
these  probability  relationships.  Figure  12  illustrates  this 
procedure.  At  each  of  these  gauging  stations  the  floods  that  would 
be  equalled  or  exceeded  once  in  5,  10,  25,  50,  and  100  years  were 
tabulated.  The  calculated  precipitation  excess,  i.e.  surface  run- 
off, for  rains  of  a given  frequency  ms  used  with  the  stage-volume 
relationship  curve  to  check  floods  of  the  same  frequency,  as  cal- 
culated by  the  flood  probabilities  based  on  actual  flood  records. 
Using  this  method,  a reasonable  agreement  existed  in  a significant 
number  of  cases. 

101.  Comparison  of  calculated  with  actual  floods. — Typical  watersheds 
were  selected  in  order  to  compare  the  calculated  precipitation 
excess  or  surface  run-off  with  measured  flood  flows.  A determin- 
ation was  made  of  the  area  of  the  watershed  which  was  occupied  by 
each  plant-soil  group.  Isohyets  wore  dr  aim  for  the  storm  which 
produced  the  flood  flow  and  the  weighted  average  precipitation 
for  individual  storm  ms  determined.  The  weighted  average  precip- 
itation was  determined  for  each  plant-soil  group  in  the  watershed 
in  calculating  the  precipitation  excess.  Total  precipitation 
excess  was  used  as  the  flood  volume.  The  peak  discharge  was  deter- 
mined from  the  stage-volume  relationship  developed  for  the  water- 
shed from  flood  flov;  hydrographs,  where  sufficient  data  were 
available  and  the  storms  wore  clcar-cut,  the  average  variation 
between  calculated  peak  flow  and  measured  peak  was  lg  per  cent,  and 
the  maximum  variation  was  2i_j.  percent.  The  following  example 
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Flood  of  May  23,  19Ul,  on  Rio  Felix  waters  hod,  weighted 
average  rain  was  1,36  inches,  covering  L& 0 square  miles 
of  the  watershed. 


Weighted  Pe  (precipitation  excess) 

Total  calculated  volume  of  surface 
run-off 


Peak  discharge  from  stage-volume 
relationship 

Actual  peak  discharge  from  U.  S. 
Geological  Survey  Water  Supply 
Paper  No.  928 


O.ijB  inches 


Lj.50  x 6Lr0  x O.I4.8 
12 


11,650  acre-feet 


9,700  cfs 


9,630  cfs 


Ground  Water 


102.  Ground-water  movement  and  storage. --A  very  small  portion  of  the 
total  precipitation  orTTThe  watershed  percolates  to  underground 
storage*  Additional  increments  occur  through  irrigation  losses 
and  seepage  from  reservoirs.  Limestones  of  Permian  and  Cretaceous 
ago  and  alluvium  (Quaternary)  comprise  the  important  ground -wester 
reservoirs  of  the  area.  The  Permian,  Triassic,  end  Cretaceous 
sandstones  provide  a.  va.lue.ble  though  rclc.tively  small  storage  cap- 
acity.  The  pormian  and  Crete.ceous  shales  c.re  inpemee.ble  and 
important  only  as  they  restrict  the  movement  of  ground  water. 
Solution  by  ground  water  of  the  halite,  anhydrite,  end  limestone 
members  of  the  Permian  series  has  led  to  development  of  extensive 
underground  channels  in  these  beds.  Similar  conditions  during  a 
former  period  of  exposure  probably  account  for  the  cavernous 
condition  found  at  depth  in  the  San  Andres  limestones  of  the  Ros- 
well Basin.  The  present  drainage  pattern  has  been  influenced  to 
a considerable  extent  by  continuing  solution  and  removal  of 
materials.  Large  portions  of  the  watershed  have  little  or  no 
surface  run-off  as  indicated  by  t he  closed  basins  outlined  on  Map  1. 
These  areas  have  subterranean  drainage. 


103*  Throughout  much  of  the  Pecos  aroa  the  formations  dip  toward  the 
east  or  southeast.  Surface  water  enters  the  formations  in  their 
rospective  outcrop  areas  and  filters  through  each  in  proportion 
to  the  permeability  of  the  individual  bed.  Water  in  the  rocks 
then  seeps  down  dip  to  tho  main  body  of  ground  water.  Figure  13 
shows  the  outcrop  area  cf  the  San  Andres  formation,  principal 
aquifer  underlying  tho  Now  Mexico  portion  of  the  basin,  and  the 
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generalized  movement  of  ground  water  within  the  formation. 

lOlj..  The  following  criteria  indicate  that  there  is  little  ground -water 
movement  from  the  Roswell  A rtesian  Basin  to  adjacent  arseas, 

a.  Salt  water  in  the  lower  Sen  Andres  limestone  under- 
lying the  Roswell  Basin  denotes  little  circulation  of 
ground  water  Lit  depth. 

t.  The  salt  water  found  in  the  San  Andres  in  deep  oil 
tests  east  of  the  river  suggests  that  movement  of 
ground  water  down  dip,  away  from  the  basin,  is  slow. 

c.  The  general  absence  of  solution  depressions  beyond 
eight  to  ten  miles  east  of  the  river  further  indi- 
cates there  is  little  ground -water  movement  toward 
the  east. 

d.  At  the  Carlsbad  Springs,  in  the  southern  part  of  the 
area,  local  fracturing  and  a change  in  the  character 
of  the  aquifer  combine  to  bring  ground  water  to  the 
surface.  In  this  locality  the  bedded  Carlsbad  lime- 
stone grades  into  the  massive  end  less  permeable 
Capiton  Reef  limestone.  The  change  of  facies  mini- 
mizes ground-water  movement  southward  into  the 
formations  of  Dele.we.ro  Mountain  group. 

The  middle  valley  is  thus  shorn  to  be  e.  pc.rtic.ily  closed  ground- 
water basin. 

105*  The  artesian  areas  within  the  watershed  comprise  the  Ao swell 
Basin  (figure  lU) » the  valley  west  of  the  river  and  south  of 
Pecos,  Texas,  and  a limited  area  in  the  immediate  vicinity  of 
that  city.  Large  springs,  considered  artesian  in  orjgin,  occur 
near  Roswell,  1 lew  Mexico;  Balmorliea,  Fort  Stockton,  and  Grandfalls, 
Texas.  Gradations  from  artesian  to  water  table  conditions  exist 
in  adjacent  areas.  No  artesian  water  is  present  beneath  the 
re  meander  of  the  watershed. 

Artesian  pressure  in  the  Roswell  area  results  from  the  confining 
effect  of  Chalk  Bluff  clays  and  s halos  on  water  in  the  underlying 
cavernous  San  Andres  limestone.  Water  is  held  in  the  Rustler 
limestone  under  artesian  head  by  Triassic  red  beds  beneath  a large 
area  west  of  the  river  between  Pecos  and  Grandfalls,  Texas.  The 
depth  to  water  in  the  Rustler  there  varies  from  900  to  1,800  feet. 
Successful  development  at  specific  locations  has  proved  proble- 
matical due  to  the  infrequent  occurrence  of  joint  openings  and 
solution  cavities  in  the  Rustler  limestone.  At  Pecos,  Texa.s, 
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sufficient  static  head  is  present  in  alluvial  aquifers  to  produce 
f loving  wells  from  depths  of  100  to  200  feet.  Here,  pressure  is 
developed  through  a favorable  interbedding  of  permeable  lenses 
upstream  and  the  sealing  effect  of  surrounding  fine  material. 


107.  Springs  which  rise  along  the  river  within  a short  distance  south 
of  Santa  Rosa,  Hew  Mexico,  result  from  underground  drainage  of 
areas  on  the  west  and  the  return  of  subsurface  flow  to  the  Pecos 
channel.  The  North  spring.  South  spring,  and  Berrondo  spring  near 
Roswell  originate  as  overflow  from  the  artesian  reservoir.  Their 
combined  flow  has  declined  with  the  drop  of  artesian  pressure  in 
the  basin  from  an  estimated  210  cfs  to  about  17  cfs  at  present. 

The  Major  Johnson  springs  located  approximately  3a  miles  downstream 
from  McMillan  Dam  have  a base  flow  of  some  I4O  cfs.  The  source  of 
this  water  is  evidently  shallow  underground  flow  of  the  river. 

The  flow  of  these  springs  fluctuates  considerably  about  their  base 
discharge  to  a maximum  of  272  cfs  depending  upon  the  volume  of 
water  stored  in  Lake  McMillan.  The  salt  springs,  which  discharge 
into  the  Pecos  at  Malaga  Bend,  receive  approximately  l/2  cfs  from 
the  brine  aquifer  at  the  base  of  the  Rustler  formation.  The  U.3. 
Geological  Survey  has  determined  that  probably  75  to  SO  per  cent 
of  the  mineral  matter  derived  at  Mala  g a Bend  comes  from  this 
aquifer.  The  river  is  fed  by  seepage  from  the  valley  alluvium 
intermittently  t hr oughout  the  reach  between  Rea  Bluff  Reservoir 
raid  Girvin,  Texas.  The  large  springs  in  the  vicinity  of  Balmorhca, 
Fort  Stockton,  and  Grandfalls,  Texas,  arc  believed  due  to  faulting 
of  Lower  Cretaceous  and  Permian  aquifers.  Figure  15  shows  surface 
geology  and  the  structural  conditions  which  control  the  springs 
west  of  Balmorhca,  Texas. 

108.  Quality  of  water. — Most  ground  water  within  the  Pecos  watershed 
area  is  somewhat  mineralized.  The  dis^lved  solids  consist  of 

the  chlorides,  sulphates,  and  carbonates  of  sodium,  calcium,  potas- 
sium, and  magnesium.  The  quantities  of  the  various  constituents 
reflect  the  chemical  composition  of  the  formation  with  which  the 
water  has  been  associated.  The  degree  of  salinity  varies  from  a 
few  parts  per  million  to  ll|l;,000  ppm  (l l+.Lfo).  The  latter  concen- 
tration is  found  in  the  brine  aquifers  of  the  Rustler.  The  Permian 
formations  are  the  principal  source  of  the  salts.  The  less  soluble 
rocks  of  Pennsylvanian,  Triassic,  and  Cretaceous  time  supply  rel- 
atively small  quantities.  The  Quaternary  alluvium  has  retained  a 
portion  of  the  soluble  material  contained  in  the  original  deposits 
and  is  frequently  a source  of  mineralization.  Ground  water  suit- 
able in  quality  for  domestic,  livestock,  and  irrigation  purposes 
is  generally  available  throughout  the  basin  north  of  the  salt 
springs  at  Malaga  Bend.  In  the  section  between  Malaga  and  the  Red 
Bluff  Dam,  ground  water  is  highly  mineralized.  It  is  unfit  for 
human  consumption  and  usable  for  livestock  only  in  certain  local- 
ities. Ground -water  discharge  within  this  reach  is  used  for 
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irrigation  after  dilution  with  the  surface  waters  stored  in  Red 
Bluff  Reservoir,  ’later  obtainable  in  the  lower  basin,  between 
Pecos  and  Girvin,  Texas,  is  generally  of  much  better  quality  than 
that  in  the  Ilalaga-Red  Bluff  section.  It  is  satisfactory  for 
irrigation  and  livestock  and  at  most  places  for  domestic  use. 

Ground  water  in  the  Edwards  Plateau  area,  impregnated  chiefly  with 
CaCCu,  is  as  a rule  potable  water. 

109*  Utilization. — Ground-water  resources  of  the  Pecos  Basin  have  been 
intensively  developed  during  the  last  58  years.  'Withdrawals  of 
ground  water  have  exceeded  recharge  during  portions  of  this  period, 
particularly  in  the  Roswell  artesian  area.  The  utilization  of 
shallow  water,  available  in  quantity  from  Quaternary  alluvium  in 
the  middle  valley,  increased  rapidly  during  the  1938' s.  A similar 
development  has  taken  place  in  the  lower  basin,  Pecos  to  Girvin, 
Texas,  since  I9I4O.  The  water  from  the  springs  near  Balmorhca, 

Fort  Stockton,  and  Grandfalls,  Texas,  is  applied  to  a large  acreage 
through  a system  of  reservoirs  and  canals. 

110.  In  1932  the  Pecos  Valley  Artesian  Conservancy  Districb  was  estab- 
lished in  New  llexico  for  the  purpose  of  controlling  development 
and  use  of  ground  water  in  the  Roswell  area.  This  agency,  by  means 
of  conservation  measures  and  strict  limitations  on  the  drilling  of 
new  wells,  has  checked  the  rapid  decline  in  artesian  pressure  and 
brouglit  about  a more  or  less  stable  hydrologic  condition  in  the: 
middle  valley.  The  use  of  ground  water  for  irrigation  in  this 
portion  of  the  watershed  has  reached  maximum  economic  development. 
Further  expansion  must  await  increased  recharge  to  the  under- 
ground reservoir.  There  exists  in  the  lower  basin  sufficient 
ground  water  to  support  a moderate  increase  in  development  for 
irrigation.  The  relatively  high  salt  content  of  the  shallow  water 
and  the  expense  and  uncertainty  involved  in  obtaining  artesian 
water  at  depth  from  the  Rustler  limestone  are  adverse  factors. 

The  flow  from  the  several  largo  springs  in  bhc  lower  basin  is  com- 
pletely utilized.  It  is  not  likely  that  the  output  of  these  springs 
may  be  increased  except  through  diversion  of  additional  water  to 
the  Cretaceous  and  Permian  limestone  aquifers.  Ground  water,  in 
quantity  adequate  for  livestock,  is  present  generally  throughout 
the  watershed . 
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sedbiemtation 


llla  General, — Sediment  deposition  is  an  important  cause  of  damage  in 

the  Pecos  Basin,'  Mot  only  does  it  deplete  valuable  storage  capac- 
ity of  reservoirs  at  a high,  rate  hut  also  induces  flooding  hy  fill- 
ing channels. 

112.  Major  reservoirs.— ’Three  large  reservoirs  — Red  Bluff,  Alamogordo, 

and  McMillan  — lie  within  the  basin.  Their  sedimentation  character^- 
istics  are  discussed  helow*  Map  l6  locates  these  and  some  of  the 
tributary  reservoirs. 

Red  Bluff  Reservoir,  located  on  the  southern  Mew  Mexico  boundary  is 
partly  in  Texas  and  partly  in  New  Mexico.  It  is  the  largest  of  the 
three  major  reservoirs,  having  an  initial  capacity  of  310*000  acre- 
feet  at  the  time  of  its  completion  in  1937*  A reconnaissance  sedi- 
mentation survey  by  the  Soil  Conservation  Service  in  1940  showed  an 
annual  accumulation  of  l,o27  acre— feet  during  the  first  three  years 
of  storage.  The  annual  capacity  depletion  rate  of  .52  percent  is 
considered  somewhat  high  because  of  the  abnormal  influence  of  the 
June  1937  flood  and  of  the  survey  which  was  made  within  3 years  of 
reservoir  completion.  Sediment  deposited  in  Red  Bluff  comes  prin- 
cipally from  the  Delaware , Black  Rivers,  and  Dark  Canyon,  but  an 
appreciable  amount  comes  from  bank  erosion  along  the  main  stream 
Pecos  River  as  well  as  from  the  upioer  watershed  through  lakes 
Avalon  and  McMillan. 

Alamogordo  Reservoir,  located  above  Port  Sumner,  was  created  in  1937 
to  serve  the  Carlsbad  Irrigation  District.  Its  position  in  the 
upper  Pecos  Basin  just  below  the  break  in  slope  of  the  highest  chan- 
nel gradients  is  conducive  to  high  sediment  rates.  Bank  cutting, 
sheet  erosion,  and  gullying  are  very  active  in  the  contributing 
drainage  area.  Two  sedimentation  surveys  have  been  made  of  the 
reservoir  deposits;  the  first  by  the  Soil  Conservation  Service  in 
19^0  when  the  reservoir  was  3*2  years  old;  and  the  second  by  the 
Corps  of  Engineers  in  1944.  The  age  at  time  of  the  1944  survdy  was 
6*8  years.  The  measured  annual  accumulation  rate  below  spillway 
crest  was  about  3>600  acre-feet.  Stream  flow,  during  the  initial 
period  of  reservoir  use  and  sediment  accumulation  (May  27*  1937  to 
April  1,  1944,  was  considerably  in  excess  of  average  runoff  as 
measured  at  or  near  the  reservoir  site  from  January  1,  1905  to 
December  31*  1948.  Adjusted  to  the  stream  flow  of  the  longer  period, 
the  annual  sediment  accumulation  rate  is  about  2,300  acre— feet.  On 
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the  “basis  of  this  rate,  the  capacity  depletion  on  January  1,  1949, 
was  approximately  17  percent* 

McMillan  Reservoir,  located  near  Carlsbad,  Mew  Mexico,  is  the 
oldest  of  the  major  reservoirs*  It  was  constructed  as  a relatively 
small  reservoir  in  1S94*  Its  later  history  includes  breaching  of 
the  dam  in  1906,  complete  drawdowns,  and  several  changes  in  spill- 
way deration  (l,  2,  5)*  The  original  capacity  of  32,5^0  acre— feet 
would  have  been  90»000  acre— feet  if  the  present  dam  and  spillways 
were  in  existence  then.  Despite  the  various  changes  in  character- 
istics of  McMillan  Reservoir  a rather  detailed  history  of  sedimen- 
tation is  available  from  several  surveys*  These  indicate  a high 
rate  of  deposition  from  completion  date  to  1915  and  a steadily 
declining  rate  thereafter*  Reason  for  the  decline  which  started 
about  1915  is  the  growth  of  salt  cedar  which  spread  rapidly  within 
and  above  the  reservoir*  This  soon  created  a dense  growth  which 
acted  as  a vegetative  screen  to  trap  much  of  the  sediment  which 
formerly  went  into  the  reservoir  basin.  Depletion  of  the  projected 
capacity  of  90,000  acre— feet  was  estimated  at  50  percent  by  1915 
and  67  percent  by  1947* 

113*  Direct  drainage* — The  river  section  from  the  northern  divide  to 

Alamogordo  Reservoir  has  been  described  already  as  being  severely 
eroded.  This  is  also  true  of  larger  tributary  streams  entering 
this  section,  especially  Alamogordo  Creek,  Pintada  Canyon,  Gallinas 
River,  and  Tecolote  Creek*  These  tributaries  also  receive  sediment 
from  thousands  of  long,  deep,  actively  eroding  gullies  as  well  as 
from  extensive  areas  of  sheet  erosion*  The  annual  rate  per  square 
mile  may  attain  4 or  more  acre— feet  over  large  areas. 

11 4*  The  direct  drainage  from  Alamogordo  Reservoir  to  Lake  McMillan 

includes  large  areas  of  grazing  land  subject  mainly  to  sheet  erosion. 
Much  of  the  sediment  thus  eroded  is  deposited  before  it  reaches  the 
Pecos*  However,  some  is  derived  from  main  stem  bank  cutting,  some 
from  Taiban,  Yeso,  and  smaller  creeks,  and  still  another  part 
escapes  through  Alamogordo  Reservoir.  The  estimated  stream  load 
arriving  at  the  salt  cedar  area  at  the  head  of  Lake  McMillan  is 
1,000  acrc—feet  annually. 

115*  Direct  drainage  from  McMillan  to  Red  Bluff  Reservoirs  produces  a 
moderate  quantity  of  sediment  because  of  l)  high  trap  efficiency 
of  the  salt  cedar  area  above  Lake  McMillan  and  2)  appreciable  areas 
of  bedrock  and  shallow  or  no  soils  on  these  areas.  Principal  con- 
tributing streams  are  Delaware  and  Black  Rivers  and  Dark  Canyon. 

llo.  Direct  drainage  sediment  production  between  Red  Bluff  Reservoir  and 
the  mouth  of  the  Pecos  is  low  in  comparison  to  the  large  area 
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involved.  Nearly  all  upstream  derived  sediment  is  trapped  "by  Bed 
Bluff  Reservoir.  Large  areas  within  the  reach  consist  of  hard 
limestones  covered  by  compact,  grass  protected  soils.  Many  small 
diversion  dams  on  the  main  stem  serve  as  effective  bed  load  traps, 
and  they  cause  diversion  of  suspended  load  to  irrigated  fields* 

Gravelly  terraces  bordering  the  Pecos  and  larger  tributaries  con- 
tribute some  bed  load  but  relatively  little  of  suspended  load. 

Only  two  or  three  tributaries  entering  below  Fecos,  Texas,  are  of 
sufficient  size  to  bring  in  appreciable  amounts  of  sediment.  Sheet 
erosion  and  moderate  bank  cutting  arc  the  principal  erosion  factors. 
Measured  sediment  at  the  mouth  of  the  Pecos  shows  a minor  quantity, 
but  the  possibility  of  a higher  contribution  during  exceptional 
floods  should  be  considered.  Similar  areas  having  like  conditions 
have  yielded  from  ..2  to  .5  acre-feet  per  square  mile  annually. 

Although  the  long  term  annual  rate  is  estimated  at  200  acre-feet 
at  the  mouth,  it  is  possible  that  during  years  of  exceptional  flows 
the  quantity  may  reach  1,000  or  more  acre— feet. 

117.  Small  reservoir  storage  facilities. — Relatively  few  minor  reservoirs 
exist  in  the  Pecos  drainago  basin*.  Some  of  the  more  important 
smaller  reservoirs  arc  Avalon,  on  the  Pecos  River  near  Carlsbad,  New 
Mexico;  Lower  Parks  (Balmorhea)  , an  off-chahncl  reservoir  of  Madera 
Canyon  near  Balmorhea,  Texas;  Storrie,*an  off-channel  reservoir  of 
the  Gallinas  River  near  Las  Vegas,  New  Mexico;  and  Bonito,  on  Rio 
Bonito  west  of  Roswell,  New  Mexico. 

11S.  Lake  Avalon  was  built  in  1293  to  serve  as  a regulator  for  the  Carls- 
bad Irrigation  District.  Its  small  capacity  and  low  trap  efficiency 
#ausc  little  effect  on  main  stream  sedimentation.  Lower  Parks 
Reservoir  (Balmorhea)  is  mo.inly  spring-fed  but  receives  sediment 
laden  flood  flows  from  Madera  Canyon  through  a diversion  canal.  The 
annual  accumulation  of  sediment  in  this  reservoir,  according  to  the 
TJ.  S.  Bureau  of  Reclamation,  is  44  acre-feet  annually,  which  would 
indicate  a 22  percent  depletion  of  original  capacity  between  1916 
and  1947  (31  years) . Storrie  and  Bonito  Reservoirs  lie  at  high 
elevation  and  have  low  sediment  rates.  Other  small  reservoirs  noar 
Port  Stockton,  Texas,  arc  almost  entirely  spring-fed,  therefore, 
have  little  sediment  in  them.  A water  retard  dam  built  under  the 
water  facilities  program  in  1941  on  the  Penasco  River  near  Hope, 

New  Mexico,  was  almost  completely  filled  by  sediment  and  debris  by 
a single  flood.  Although  its  original  capacity  of  350  -acre— feet 
was  small,  the  filling  by  one  flood  indicates  a high  on-site  rate. 
Several  small  diversion  dams  on  the  Hondo  River  several  years  ago 
have  failed,  or  pool  areas  were  filled  by  sand  in  a short  period  of 
time. 

119*  Many  stock  ponds  throughout  the  Pecos  Basin  have  been  filled  by  sedi- 
ment in  a very  few  years.  No  estimate  of  the  total  number  is  available 
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"but  random  observation  of  several  tanks  show  that  sediment  fill  is 
rapid*  This  is  common  knowledge  to  ranchers,  and  there  is  at  present 
little  tendency  to  construct  earth  dams  to  impound  stock  water* 

120*  Partly  closed  has ins ♦-—Several  large  tributary  areas  to  the  Pecos 
Basin  are  virtually  closed  basins  most  of  the  time*  After  long 
intervals,  exceptional  rainfall  over  a wide  area  produces  enough 
runoff  to  reach  the  main  river.  Those  basins  which  are  designated 
“partly  closed11  contribute  little  sediment  to  the  main  stem,  yet 
large  quantities  of  sediment  arc  eroded  and  moved  within  them.  One 
reason  for  their  low  contribution  is  the  massing  of  sediment  near 
the  lower  end  of  the  tributary  drainage.  The  flows  which  do  reach 
across  this  sediment  barrier  are  of  fairly  short  duration  and  succeed 
in  cutting  a relatively  narrow  trench  through  it.  Some  of  these 
constricted  basins  have  serious  flood  and  sediment  problems  which 
affect  urban  and  rural  population.  The  largest  partly  closed  basin 
is  Toyah  Creek  drainage,  which  includes  Toyah  and  Limpia  Creeks, 
Cherry  Canyon,  and  Salt  Draw.  The  basin  terminates  in  Toyah  Lake 
at  the  lower  end  of  the  drainage.  Second  in  size  is  Macho— Salt 
Crook,  which  consists  mostly  of  grazing  land.  Next  in  size  is  the 
Hondo  River  drainage  area  of  square  miles.  This  partly 

closed  basin  has  the  most  serious  flood  and  sediment  problems  of 
those  listed  because  it  is  well  settled  and  has  the  largest  city, 
Roswell,  near  its  lower  end.  The  drainage  area  has  several 
perennial  streams  tributary  to  the  Hondo  River.  The  Hondo  Valley 
experiences  severe  gullying,  trenching,  and  sheet  erosion.  A 
large  area  of  sediment  deposition  exists  immediately  above  Roswell 
and  poses  a threat  of  large  scale  movement  of  sediment  into  the 
city  should  a great  flood  occur.  An  estimated  total  of  8510  acre- 
feet  of  sediment  is  moved  annually  by  water  in  the  Hondo  drainage 
area.  The  fourth  basin  classified  as  partly  closed  is  the  upper 
Penas co.  Sediment  is  accumulating  in  this  area  to  a marked  extent 
and  may  soon  enter  the  direct  drainage  unless  corrective  measures 
are  taken. 

121.  Several  small  structurally  closed  basins  ere  found  within  both 
direct  drainage  areas  and  partly  closed  basins.  These  do  not 
warrant  sepa.rate  mapping  but  sediment  moving  into  them  is  quanti- 
tatively important.  Damage  to  grazing  land  within  these  basins 
is  a recognized  factor  and  would  be  affected  by  an  over-all  flood 
control  program*  Eroded  sediment  also  deposits  an  colluvium 
without  getting  into  stream  channels.  Damage  often  results.  These 
and  other  sediment  deposits  not  recognized  in  other  classifications 
arc  eva.lua.ted  and  included  in  the  Last  item  of  ta.ble  &. 

122.  Ohannclways  and  flood  plains. — The  Pecos  flood  plain  is  for  the 
most  part  na.rrow,  and  the  channelways  are  entrenched  generally 
below  cultivated  a.rcas,  Channel  filling  by  sediment  is  occurring 
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at  the  heads  of  Alamogordo,  McMillan,  and  Avalon  Reservoirs. 

Deposits  above  crest  at  Alamogordo  amount  to  more  than  600  acre- 
feet  and  at  McMillan  over  22,000  acre-feet  as  of  1940-41..  Much  of 
this  is  backwater  effect,  but  at  McMillan  the  cause  is  ascribed 
chiefly  to  dense  growth  of  tamarisk  or  salt  cedar.  Doth  the  amount 
of  fill  and  the  rank  growth  of  vegetation  is  caused  directly  by 
sediment  brought  in  by  the  Pecos.  Estimate  of  deposition  rate  in 
the  salt  cedar  covered  area  is  800  acro-foet  per  year.  Many  of  the 
large  tributaries  entering  the  Pecos  north  of  Artesia  have  large 
flat  deltas  lying  between  their  mouths  and  the  main  stem.  These 
represent  the  accumulation  of  centuries  of  geologic  erosion.  Depo- 
sition is  so  rapid  that  the  channelway  to  the  Pecos  is  no  longer 
clearly  defined.  Although  these  doposits  are  on  land  of  low  agri- 
cultural value,  they  cause  damage  indirectly  by  backing  up  }.ocal 
floods  to  inundate  urban  and  farm  areas.  Channel  filling  below 
Carlsbad  has  accentuated  flood  damage  in  Dark  Canyon  by  hindering 
flood  flow* 

123*  Urban  and  farm  areas. — Deposition  of  sediment  has  always  occurred  in 
connection  with  local  floods.  After  the  Roswell  floods  of  1937  an(^ 
1941,  considerable  effort  and  oxponse  was  necessary  to  clean  up 
highways,  streets,  homes  and  yards,  and  city  drains.  Much  of  this 
cannot  be  evaluated  easily,  but  the  amount  is  believed  to  be  largo. 
Damage  by  rocks  and.  debris  left  on  cultivated  land  by  overbahk 
floods  occurs  in  the  upper  part  of  the  Hondo  and  Penasco  River 
dxainage  areas  as  well  as  elsewhere  on  other  tributaries.  This 
kind  of  damage  is  important,  and  it  may  be  expected  to  increase  as 
accelerated  erosion  produces  more  and  heavier  dobris  than  tho 
stream  systems  can  transport. 

124,  In  Carlsbad,  Pecos,  and.  Dalmorhca,  flood  damage  has  been  largely 
from  water,  but  there  is  always  some  accompanying  sediment  damage 
to  drains,  buildings,  and  yards. 

l25«  Irrigation  ditches  and  off-channel  reservoirs. — Deposition  of  sedi- 
ment in  irrigation  canals  and  ditches  presents  a serious  problem 
in  irrigated  areas  not  favorably  situated  below  reservoirs  which 
trap  most  of  it.  Water  diverted  directly  from  upper  streams  carries 
considerable  sed_iment,  much  of  which  is  deposited  in  irrigation 
systems.  There  is  a high  annual  cost  of  removing  sediment  from 
such  systems.  Off-channel  storage  reservoirs  are  subjected  to  sedi- 
ment fill  as  is  well  shown  in  Dalmorhca  Reservoir. 

126.  Sediment  sources  and,  rates  of  production.— Principal  sour  cos  of 
sediment  are  from  l)  bank  cutting  and  trenching,  2)  gullying 
erosion,  3)  sheet  erosion,  and  4)  wind  erosion.  Aroe.s  showing 
the  most  sovere  erosion  and  accompanying  production,  especially  of 
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the  first  three  types  mentioned  above  are  l)  watershed  above  Ala- 
mogordo Reservoir,  2)  Rio  Hondo  Basin,  3)  Delaware  River  Basin, 
and  H)  upper  Limpia  Creek  Watershed,  Map  l6  shows  the  relative 
magnitude  of  sediment  production  within  the  Pecos  River  Watershed* 

The  annual  sediment  movement  on  the  watershed  is  about  17,5^0  acre- 
feet*  Of  this  total  annual  production,  about  15,900  acre-feet 
reaches  defined  channels* 

127*  Quantities  of  sediment  listed  in  table  S>  are  those  which  enter 

defined  channelways  and  would  bo  caught  by  a reservoir  of  high  trap 
efficiency  built  at  the  lowest  end.  In  addition  to  channel— moved 
sediment,  approximately  19  percent  more  is  moved  temporarily  down 
slopes  or  by  wind*  This  portion,  although  not  reaching  reservoirs, 
may  be  equally  damaging  to  farm,  urban,  and  ranch  lands.  It  may  also 
be  considered  potential  stream  load  because  new  gully  headcuts  may 
later  tap  it  and  thus  permit  its  being  transported  to  the  main  stem* 
Although  not  evaluated,  a considerable  quantity  of  sediment  is 
diverted  into  irrigation  systems  and  deposited  on  farm  lands, 

128*  Sediment  sources  within  plant-soil  groups  are  shown  on  map  17*  The 
distribution  of  sediment  production  from  sheet  and  rill  erosion  by 
land  use  and  within  plant- soil  groups  is  shown  in  tablo  9» 

129*  Anticipated  trends  of  sedimentation  under  prosent  conditions,— 
Prediction  of  future  conditions  based  on  present  conditions  is 
necessarily  subject  to  considerable  error,  especially  in  a somiarid 
climate,  Pirst  it  is  necessary  to  decide  how  far  erosion  has 
progressed  in  the  Pecos  drainage  basin  with  respect  to  its  ultimate 
condition.  The  upper  Pecos  area  may  have  reached  its  maximum 
erosion  development;  the  middle  Pecos  is  moderately  affected,  and 
the  lower  part  is  still  in  its  early  stages.  Considering  all 
factors,  it  is  believed  that  rates  of  sediment  production  will  not 
increase  more  than  10  percent  without  a flood  control  program. 

Some  of  the  factors  leading  to  this  conclusion  are: 

a.  The  present  rates  as  determined  arc  slightly  overweight ed 
by  inclusion  of  too  many  we t seasons  in  the  short  available 
record*  This  weighting  will  take  care  of  some  increase  in 
rates, 

b,  Brosion  conditions  are  partially  self-limiting  after  an 
initial  period  of  increase.  Land  use  on  the  Pecos  is  probably 
near  its  maximum  bocause  all  water  is  appropriated  and  little 
or  no  *newn  water  is  available.  The  geology  and  topographic 
conditions  precludo  extensive  increase  of  some  types  of 
erosion.  Humorous  rock  base  levels  have  been  reached 
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throughout  the  stream  system*  Many  large  gullies  have 
deepened  and  broadened  until  their  capacity  is  adequate  to 
carry  flood  flows  without  excessive  erosion. 

Trenching  of  tributary  streams,  such  as  the  Hondo  and  upper  Penas co, 
has  not  reached  its  peak,  and  high  sediment  rates  will  not  only 
increase  but  will  be  extended  to  other  tributaries  not  yet  affected. 
The  narrow  flood  plain  of  the  upr)er  Hondo  Valley,  as  now  tilled,  is 
highly  vulnerable  to  destruction,  which,  if  accomplished,  would 
displace  a large  number  of  persons  who  depend  almost  entirely  on 
agriculture.  The  sediment  coming  from  this  source  will  deposit 
mainly  in  the  Hoswell  area*  Agriculture  in  the  Tecolot e-G-allinas 
area  above  Alamogordo  is  now  severely  handicapped  because  of  gully 
and  sheet  erosion.  There  is  no  reason  for  hoping  that  the  condition 
will  improve  without  some  corrective  program.  Bank  cutting  along 
the  Pecos  River  may  be  expected  to  continue  at  its  present  rate. 

In  addition  to  increasing  the  sediment  load,  it  is  destroying  agri- 
cultural and  urban  land  near  Port  Sumner.  Sediment  derived  from 
bank  cutting  in  the  Port  Sumner  area  exceeds  .5  acre-feet  per  linear 
mile  annually*  The  lateral  cutting  ranges  from  a few  inches  to 
several  feet  during  large  floods.  Clear  water  reloasos  from  Ala- 
mogordo Reservoir  cause  serious  bank  cutting  over  relatively  long 
periods  of  time. 

The  on-site  rate  of  sediment  production  may  be  several  times  the 
downstream  rate  bocauso  much  of  the  crodod  sediment  is  deposited  in 
the  vegetated  channel  area  just  below  the  Port  Sumner  irrigated 
district.  Other  places,  such  as  on  the  Arroyo  Hondo  above  Roswell 
and  the  Gallinas-Tecolote  Rivers,  have  high  on-site  rates  but  a 
relatively  low  downstream  rate  because  of  deposition  on  fans  or  in 
wide  downstream  channels.  Lack  of  adequate  records  or  detailed 
surveys  of  bank  cutting  make  a precise  evaluation  impossible.  It 
is  felt  that  the  results  presented  in  this  report  are  very  conserv- 
ative and  that  future  determinations  will  show  more  sediment  rather 
than  less. 

Channel  deposition  will  continue  above  the  heads  of  McMillan  and 
Alamogordo  Reservoirs,  and  deposition  will  begin  later  at  Red  Bluff 
Reservoir.  The  chief  losses  arc  consumption  of  water  by  salt  cedar 
growth  on  the  sediment  deposits,  swamping  of  adjacent  flood  plain 
lands,  and  creation  of  mosquito  breeding  areas  with  danger  of  spread 
of  malaria. 
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FLOOD  PBOELMS  AHD  FLOOD  DAMAGES 


133*  detent  of  flood  problem*—— Damaging  floods  are  of  frequent  occurrence 
on  the  Pecos  River  from  the  town  of  Pecos,  ITew  Mexico,  to  G-irvin, 
Texas,  a distance  of  almost  'JOO  miles*  With  the  construction  of 
international  reservoirs  on  the  Rio  G-rande  "below  the  mouth  of  the 
Pecos,  the  flood  problems  of  the  Pecos  will  be  extended  several 
hundred  miles  by  its  contribution  of  sediment  to  the  Ri&  G-rande* 
Tributaries  such  as  the  G-allinas  River,  Rio  Hondo,  Rio  Penas co, 

Dark  Oanyon,  Toyah  Creek,,  and  other  lesser  ones  extend  the  flood 
problem  to  practically  the  entire  watershed*  It  follows,  therefore, 
that  a program  in  the  aid  of  flood  control  must  encompass  the  major 
portion  of  the  watershed* 

134*  Mature  of  the  problem.— Plood  records  show  that  floods  generally 

occur  during  May  and  June  or  September  and  October*  Either  period 
falls  within  the  growing  season  and  as  a •onsequence,  crop  losses 
are  generally  a major  item  of  damages*  General  storms  producing 
floods  over  a vast  area  occurred  in  1941*  These  storms  produce 
high  peak  discharges  not  only  on  the  main  stream  but  also  on  the 
tributaries*  Local  storms  may  produce  higher  peak  flows  on  tribu- 
taries than  general  storms,  but  these  flows  arc  soon  reduced  to 
non— damaging  magnitude  on  the  main  stroam*  Since  1932,  twelve 
damaging  floods  have  occurred  somewhere  on  the  watershed  and  in 
1941  two  serious  floods  occurred* 

135#  Types  of  flood  damages*’ — Some  of  the  more  important  types  of  flood 
damages  that  have  occurred  and  will  probably  recur  unless  vigorous 
action  is  taken  to  prevent  them  are  discussed  by  reaches  and  tribnr- 
taries  in  subsequent  paragraphs* 

136.  Upper  Pecos*— Prom  the  headwaters  to  Alamogordo  Reservoir,  the 

major  flood  damage  is  the  destruction  of  irrigation  systems*  These 
systems  are  for  the  most  part  dependent  upon  cheaply  constructed 
diversion  dams  which  have  a life  of  from  3 to  5 years*  When  those 
dams  wash  out,  land  under  the  system  is  generally  without  water  for 
the  remainder  of  the  growing  season,  and  in  many  instances,  replace- 
ments  are  not  made  by  the  following  year.  After  the  1937  flood, 
thousands  of  dollars  in  loans  or  outright  grants  were  made  available 
by  various  public  agencies  to  repair  the  flood  damage.  Since  1932, 
it  is  estimated  that  damage  to  irrigation  works  w ith  resultant 
decrease  in  crop  production  has  amounted  to  $646,000*  This  doos 
not  include  the  value  of  land  abandoned  because  of  inability  to 
maintain  irrigation  structures.  Since  1900,  1,500  acres  or  moiK) 
than  50  percent  of  the  irrigated  land  on  Tecolote  Creek  and  thej 
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G-allinas  River  (exclusive  of  the  Storrie  project)  have  been  aban- 
doned. primarily  for  this  reason*  As  channels  become  sediment 
filled  or  widen  and  deepen,  as  the  case  may  be,  there  is  reason 
to  believe  that  abandonment  of  irrigated  land  will  continue. 

Other  important  damages  include  l)  damage  to  land  and  irrigation 
ditches  by  deposition  of  sediment  both  from  overflow  of  the  main 
stream  and  also  from  side  washes;  2)  loss  of  agricultural  land 
by  bank  caving  (55  acres  in  last  & years);  3)  damage  to  crops  by 
inundation;  and  4)  washing  out  of  bridges  and  highways. 

137*  Port  Sumner  area.- — This  area  includes  the  reach  of  the  Pecos  from 
Alamogordo  Reservoir  to  Highway  3^0  east  of  Roswell.  The  Pecos 
River  meanders  through  the  Port  Sumner  district,  and.  active  bank 
cutting  occurs  at  several  points  not  only  during  flood  flows  but 
also  during  periods  when  irrigation  water  is  released  from  Alamo- 
gordo Reservoir  for  the  Garlsbad  irrigation  project.  In  1937 
it  was  estimated  that  100  acres  of  valuable  irrigated  land  was 
swept  down  the  Pecos  to  lodge  in  and  above  McMillan  Reservoir* 

In  1941  and  again  in  1942,  the  districts  diversion  dam  was  seri- 
ously damaged  and  is  no w being  replaced  by  the  Bureau  of  Reclama- 
tion. Another  comparable  flood  may  change  the  course  of  the  Pecos 
and  isolate  S00  to  1,000  acres  of  agricultural  land.  Crop  damage 
is  less  important  in  this  reach  because  floodwaters  inundate  only 
a few  hundred  acres.  Bailroads  and  highways  have  experienced 
considerable  damage  at  the  Pecos  crossings  near  Acme.  3ridges  were 
washed  out  in  1937  arL(^  again  in  1941*  The  highway  during  the  latter 
flood  was  closed  to  traffic  for  35  hays.  Traffic  surveys  indicate 
that  the  detouring  incident  to  the  bridge  washout  was  at  least 
750,000  vehicle  miles. 

13S.  Roswell-Ar tesla  area.- — This  area  includes  the  reach  of  the  Pecos 

from  U.  S.  Highway  38O  east  of  Roswell  to  the  head  of  Lake  McMillan. 
Plood  stages  in  this  reach  are  increased  by  tributary  inflow  from 
Rio  Hondo,  Berrendo  Creek,  Rio  Pelix,  Cottonwood  Creek,  and  Rio 
Penasco.  The  concentration  of  agricultural  property  within  this 
flood  plain  makes  it  particularly  susceptible  to  flood  damage. 

Crop  losses  account  for  almost  three— fourths  of  all  floodwater 
damages.  Deposition  and  erosion  of  farm  land  necessitating  relevel— 
ing  is  another  important  flood  damage. 

139 • Carlsbad  area. — This  area  includes  the  reach  from  Lake  McMillan  to 
Red  Bluff  Reservoir.  The  small  amount  of  property  in  the  flood 
plain  and  large  channel  capacity  make  this  reach  relatively  unim- 
portant insofar  as  the  flood  hazard  from  the  Pecos  itself  is  con- 
cerned. A flood  great  enough  to  wash  out  McMillan  and  Avalon  Dams 
is  possible*  In  that  event  it  has  been  estimated  that  Carlsbad 
would  be  under  from  6 to  10  feet  of  water  and  probably  many  lives 
would  be  lost. 
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140.  Red  Bluff  to  Girvin. — This  reach  includes  all  of  the  agricultural 
area  along  the  Pecos  in  Texas,  Some  measure  of  flood  protection 
is  afforded  by  Red  Bluff  Reservoir,  constructed  in  1936,  Experi- 
ence has  amply  demonstrated,  however,  that  the  protection  offered 
is  not  complete.  Almost  5,000  acres  of  agricultural  land  was 
flooded  in  1941.  The  flood  destroyed  crops  and  washed  land  and 
irrigation  borders.  Highways  were  damaged  and  water  entered  the 
outskirts  of  the  city  of  Pecos,  An  electric  generating  plant  at 
Girvin  was  shut  down  for  several  days  because  of  the  flood. 

141.  Salt  and  Berrendo  Creeks  and  Rio  Felix. — These  tributaries  pass 
through  highly  developed  agricultural  areas  before  reaching  the 
Pecos.  Channel  capacities  are  limited  and  floodwaters  inundate 
considerable  land.  Most  of  the  damage  done  by  floods  on  these 
tributaries  involves  agricultural  property  or  highways. 

142.  Rio  Ruidoso,  Rio  Bonito,  Rio  Hondo  above  Hondo  Reservoir,  and  Rio 
Penasco. — Agricultural  areas  along  these  tributaries  lie  in  narrow 
valleys  along  the  streams.  For  this  reason  and  because  of  the 
steep  gradient,  small  floods  do  great  damage.  Large  floods  can 
practically  ruin  an  entire  valley.  Although  much  rehabilitation 
work  has  been  done,  these  valleys  still  bear  the  scars  of  the  1941 
flood.  Based  on  present  price  levels,  agricultural  damage  from 
the  1941  flood  alone  averaged  almost  {100  per  acre  of  irrigated 
land.  Residents  have  expressed  the  fear  that  another  flood  of  the 
magnitude  of  1941  would  render  these  valleys  useless  for  agricul- 
ture. This  fear  is  probably  not  without  foundation.  Of  the 
approximately  8,000  acres  of  irrigated  land  in  the  Ruidoso,  Bonito, 
upper  Hondo,  and  upper  Penasco  Valleys,  more  than  3,000  were 
flooded  in  1941,  More  than  300  acres  caved  into  the  streams. 
Deposition  of  boulder  and  gravel  fans  on  farm  land  was  widespread. 
Reclaiming  these  areas  at  a cost  of  {50.00  or  more  per  acre  is 
still  going  on.  Practically  all  of  the  diversion  dams  were  de- 
stroyed or  seriously  damaged.  On  the  Ruidoso  and  upper  Hondo 
alone,  it  was  estimated  that  600  acres  of  productive  orchards  were 
killed  because  of  interruption  of  irrigation  services.  The  Hope 
retard  dam  on  the  Rio  Penasco,  just  completed  before  the  1941  flood 
at  a cost  of  {60,000,  was  practically  filled  by  sediment  and  debris, 

143.  Dark  Canyon  and  lower  Rio  Hondo. —Extensive  damage  is  caused  at 
Carlsbad  by  floods  from  Dark  Canyon,  Minor  flood  damage  occurs 
on  Hackberry  Draw.  Floods  are  frequent  in  the  Rio  Hondo  and  re- 
sult in  widespread  damage  in  the  city  of  Roswell.  The  survey  re- 
port on  the  Pecos  River  which  is  being  prepared  by  the  Corps  of 
Engineers  will  indicate  the  extent  of  flood  damages  at  these 
points  and  will  describe  flood  control  measures  needed  for 
flood  protection. 

144.  Toyah  Creek  and  vicinity. — This  area  is  located  in  the  vicinity  of 
Balmorhea,  Texas,  near  the  foothills  of  the  Davis  Mountains.  Flash 
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floods  , generally  of  short  duration,  overflow  stream  channels  and 
cause  damage  principally  to  farm  property  and  highways,  After 
passing  through  the  agricultural  area,  Toyah  Greek  flood  flows 
spread  over  range  land  and  flow  into  Toyah  Lake,  a natural  lake 
southeast  of  Pecos,  Texas,  Qnlj/-  rarely  does  this  lake  overflow 
and  no  damage  results  unless  the  Pecos  is  in  flood  stage.  The  area 
considered  does  not  include  Salt  Draw,  Cottonwood  Creek  and  their 
tributaries,  A preliminary  flood  damage  survey  of  this  area  in  the 
vicinity  of  Pecos,  Texas  has  been  made  by  the  Corps  of  Engineers, 

145.  Unallocated  damages, — The  Forest  Service  incurred  considerable 
flood  damage  in  national  forests  in  1941,  Roads  and  trails,  camp 
ground  and  recreational  areas,  and  range  improvements  were  heavily 
damaged.  Although  these  damages  were  appraised  only  for  the  1941 
flood,  other  floods  have  caused  some  damage.  Damage  to  range 
improvements  and  livestock  losses  have  occurred  elsewhere.  Because 
of  their  scattered  nature,  these  damages  have  not  been  appraised 
but  they  are  important, 

146.  Reservoir  sedimentation. — Irrigation  reservoirs  on  the  Pecos  River 
furnish  ample  evidence  that  sediment  depletes  storage  capacity  and 
shortens  the  life  of  these  facilities.  McMillan  Dam  was  built  in 
1894,  Y\rith  its  original  capacity  67  percent  depleted,  it  is  prac- 
tically useless  as  a storage  reservoir,  but  it  does  serve  as  a 
regulator  of  irrigation  water.  An  extensive  area  of  salt  cedar  at 
the  head  of  Lake  McMillan  provides  a natural  sediment  trap.  About 
22,000  acre -feet  of  sediment  have  accumulated  in  the  salt  cedar 
area,  and  the  life  of  Lake  McMillan  has  been  prolonged.  The  thick 
vegetative  growth  is  consuming  about  70,000  acre-feet  of  water 
annually.  This  water  is  needed  for  irrigation  downstream.  Although 
proof  is  not  available,  there  is  evidence  that  the  area  of  salt 
cedar  aggravates  flood  problems  upstream.  The  river  at  Lake  Arthur 
was  only  a mile  volde  during  the  1904  flood,  whereas  it  was  six  or 
seven  miles  wide  in  1937  when  the  flood  peak  was  lower.  It  has 
been  estimated  that  the  river  bed  at  the  Dayton  gauging  station  has 
risen  8 feet  in  about  35  years.  Much  of  the  economy  of  the  Pecos 
Valley  is  dependent  upon  irrigation.  Irrigation  in  turn  is  depend- 
ent upon  water  storage.  Storage  depends  on  suitable  reservoir  sites, 
and  reservoir  sites  are  limited.  Protection  of  existing  reservoirs 
and  reservoir  sites  is  a prime  requisite  for  a continued  prosperous 
agriculture  in  much  of  the  valley. 

147.  Evaluation  of  flood  damages. — All  monetary  expressions  of  damages 

are  based  on  1948  price  levels.  They  include  only  capital  losses, 
increases  in  expenses,  and  decreases  in  income  caused  by  floodwaters 
or  damages  arising  therefrom.  In  the  latter  category  are  indirect 
damages,  only  two  of  which  have  been  evaluated:  1)  reductions  in 

crop  production  because  of  interrupted  irrigation  services,  and  2) 
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* detouring  costs  associated  with  highway  damage.  If  sufficient  data 
were  available  to  evaluate  other  indirect  damages,  the  estimate  of 
monetary  loss  caused  by  floods  would  probably  bo  much  groatcr. 

l48*  field  surveys  and  secondary  sources  of  information  offer  a reliable 
basis  for  estimating  flood  damages  in  the  watershed  since  1932* 
Relationships  between  peak  discharges  and  flood  damages  have  been 
established  on  the  basis  of  past  experience*  Those  relationships 
were  used  for  estimating  damages  from  known  or  calculated  discharges* 
floods  have  occurred  during  11  of  the  last  lp  years.  In  19 4l,  two 
major  floods  occurred.  Even  in  the  abnormally  dry  year  of  1934, 
the  Rio  Bonito  and  Rio  Hondo  were  in  flood  stage. 

149 , ffuture  floodwater  damages. — This  analysis  is  ba,sed  on  floodwater 

damages  which  a.re  expected  to  occur  under  present  watershed  condi- 
tions. The  extent  to  which  the  continuation  of  Agoing-*  programs 
will  improve  watershed  conditions  and  reduce  floodwater  and  sediment 
damages  is  taken  into  account  in  the  estimate  of  benefits  of  the 
recommended  program. 

l^O.  frequency  of  future  floods* — Based  upon  pant  flood  and  rainfall 
records  it  is  estimated  that  floods  of  sufficient  magnitude  to 
cause  damage  throughout  the  watershed,  occur  once  in  every  3 t°  5 
years,  frequencies  of  peak  discharges  at  selected  ganging  stations 
wero  used  for  estimating  flood  damages. 

151*  Calculation  of  average  annual  floodwater  damages.- — -An  examination 

of  floodwater  damage  data  a„nd  peak  discharge  records  at  appropriate 
gauging  stations  indicates  that  the  amount  of  damage  is  closely 
associated  with  the  peak  discharge.  The  relationships  betweon 
experienced  floodwater  damages  and  peak  discharges  for  floods  on 
which  information  is  available  was  used  to  calculate  damage  from 
floods  of  a normal  frequency  series  as  developed  by  the  hydrologists. 
To  illustrate  the  methodology,  the  reach  of  the  Pecos  River  from 
Alamogordo  Bam  to  Highway  3^0  east  of  Roswell  is  used  as  an  example* 
Estimates  of  damages  for  three  floods  are  available  and  are  as 
follows  (l94S  price  levels) : 


Year  of  flood 

Peak  Bis charge 
(Guadalupe  Gauge) 
cf  s 

Total  Monetary 
Bamago 

1937 

23  >200 

$122,000 

1941 

40,100 

380,000 

1942 

42,800 

431,000 
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The  above  estimates  of  flood  damage  do  not  include  damage  to  land 
due  to  stream  hank  erosion.  This  type  of  damage  is  more  closely 
associated  with  duration  of  flow  and  flood  volume  than  flood  peak 
and  is  considered  subsequently* 

152*  Based  on  the  above  peak-damage  relationships,  the  damage  for  each- 
flood  in  the  normal  frequency  series  was  calculated  as  follows: 


Percent  of  years  that  peak  flow 
is  equaled  or  exceeded 

Peak 

Discharge 
(cfs)l j 

Cal culated 
Damage 

20 

IS, 000 

$ 32,200 

10 

27,000 

17s, oco 

4 

4i,ooo 

403,000 

2 

52,000 

530,000 

1 

64,000 

775,coc 

1 J Period  of  record  used  to  calculate  peak  discharge  was  1931—19^-3* 
13  years  — 6 years  before  and  7 years  after  Alamogordo  Reservoir 
was  built.  This  period  was  selected  as  being  representative  for 
damage  e valua t i on  purp o s e s . 


Floods  of  l6, 000  cfs  or  less  were  considered  nondamaging.  The  esti- 
mate of  average  annual  floodwater  damage  v/as  secured  by  multiplying 
the  damage  per  flood  by  its  average  frequency.  In  this  reach 
average  annual  damages  exclusive  of  bank  cutting  were  estimated  at 

$45,700. 

153*  An  examination  of  flood  records  indicates  that  damage  to  land-  by 

stream  bank  erosion  is  not  necessarily  associated  with  magnitude  of 
flood  peaks.  In  the  Fort  Sumner  district,  for  example,  during  the 
1937  flood,  100  acres  of  highly  developed  irrigated  land  caved  into 
the  Pecos  River.  In  1941,  with  a flood  peak  JO  percont  higher,  the 
acreage  caved  was  only  60*  however  the  flood  flow  during  1937  was 
considerably  longer  than  during  1941.  The  number  of  days  when  the 
mean  daily  flow  exceeded  1,500  cfs  in  1937  was  19  and  in  1941  was 
only  11.  The  rate  of  stream  bank  erosion  was  5*3  acres  per  day  in 
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1937  an(^-  5*5  acres  per  day  in  19  4l.  'This  rate  of  erosion  (5*4 
acres  per  day)  was  applied  to  the  normal  flood  frequency  series, 
expressed  in  volume  of  flood  flow  to  determine  the  average  annual 
rate  of  stream  hank  erosion.  Bates  of  stream  hank  erosion  were 
similarly  determined  for  other  reaches  of  the  main  stream  and 
tributaries.  This  resulted  in  the  following  estimates  of  annual 
cropland  loss  due  to  stream  hank  erosion: 


Upper  Pecos  above  Alamogordo 

11 

acres 

Alamogordo  to  Boswell 

15 

it 

Boswell  to  McMillan 

21*5 

11 

Upper  Hondo  and  tributaries 

19.1 

if 

Total  watershed 

66. 6 

n 

154,  The  above  estimate  includes  only  those  areas  where  it  appeared  that 

stream  hank  protection  structures  are  feasible  to  stop  erosion.  Other 
areas  are  subject  to  stream  bank  erosion  but  due  to  the  low  value  of 
land  being  destroyed  or  the  relatively  low  rate  of  lateral  erosion, 
stream  bank  protection  structures  arc  infeasible. 


155*  I11  making  a monetary  evaluation  of  land  damage  due  to  stream  bank 

erosion,  the  application  of  going  land  values  to  the  acreage  involved 
does  not  provide  an  adequate  picture  of  damages  incurred.  Partic- 
ularly is  this  true  on  the  upper  Pecos  and  upper  Hondo  whore  farm 
units  are  small  and  the  possibility  of  subjugation  of  additional  land 
is  virtually  nonexistent.  For  this  reason  estimates  were  made  of 
future  reductions  in  farm  income  due  to  stream  bank  erosion.  These 
reductions  were  capitalized  at  a four  percent  interest  rate  to  deter- 
mine the  capital  loss  incurred.  Approximately  ~[0  percent  of  the  total 
land  dam age  shown  in  table  10  is  due  to  stream  bank  erosion. 

156.  Average  annual  floodwater  damages. — Based  on  present  watershed  devel- 
opment and  normal  flood  frequency,  annual  floodwater  damages  are 
estimated  at  $5555200  (table  10).  Damage  to  land  and  growing  crops 
make  up  over  6G  percent  of  the  total,  ilo  estimate  was  made  of  the 
amount  of  land  damage  occurring  in  the  watershed  outside  of  the  flood 
plain  areas.  Channel  incision  and  gullying  in  range  areas  is  respon- 
sible for  sizeable  reductions  in  range  productivity,  but  limitations 
of  adequate  data  preclude  accurate  estimates  of  the  monetary  damage 
incurred.  Eighty-nine  percent  of  floodwater  damages  are  sustained 
by  agricultural  interests.  Although  all  indirect  damages  are  not 
evaluated,  they  accounty-f  or  about  9 percent  of  the  total. 

157*  Sedimentation  damages. — Deposition  of  sediment  that  occurs  primarily 
as  a result  of  channel  overflow  has  been  evaluated  as  floodwater 
damages  (table  10) . Damage  of  this  type  includes  deposition  of  sed- 
iment on  agricultural  lands,  irrigation  canals  and  ditches,  drainage 
channels,  rural  improvements,  and  urban  property.  The  effect  of 
sedimentation  on  useful  reservoir  life  and  water  supply  is  discussed 
in  the  following  paragraphs. 


Table  10  - SUMMARY  OF  ESTIMATED  FUTURE  AVERAGE  AMUAL  FLOODUATER  DAMAGES 
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15S.  The  problem  of  reservoir  sedimentation. — Irrigation  interests  which 
depend  upon  reservoirs  for  water  supply  are  confronted  with  the 
problem  of  storage  depletion  by  sediment.  Reservoirs  of  the  Carls- 
bad project,  including  Alamogordo  and  McMillan,  are  being  depleted 
by  sediment  at  the  rate  of  approximately  3*3^0  acre-feet  per  year. 
This  rate  of  deposition  includes  the  sediment  deposited  above  crest 
in  Lake  McMillan,  which  does  not  deplete  reservoir  storage  capacity 
but  which  does  more  damage  than  if  the  sediment  were  deposited  in 
the  reservoir  pool.  Conditions  favorable  to  growth  of  salt  cedar 
have  developed  above  McMillan  and  to  a lesser  extent  above  Alamo- 
gordo on  the  sediment  deposited  above  spill\/ay  crest.  Salt  cedar 
has  spread  over  an  area  above  Lake  McMillan  of  approximately  l4,CC0 
acres.  This  vegetation  consumes  an  excessive  amount  of  water,  and 
there  is  a high  annual  loss  of  water  to  irrigation  interests.  This 
is  the  chief  damage  that  results  from  sediment  deposits  above 
McMillan  Reservoir.  As  determined  by  a single  reconnaissance  survey, 
Bed  Bluff  Reservoir  on  the  Texas— ITew  Mexico  line  is  accumulating  an 
estimated  1,600  acre— feet  of  sediment  annually*  This  may  be  some- 
what high  but  lacking  other  data,  this  figure  is  being  used.  The 
total  amount  of  sediment  being  deposited  each  year  in  the  three 
reservoirs  is,  therefore,  estimated  at  4,900  acre— feet.  The  esti- 
mated accumulation  by  reservoir  is  as  follows:  Alamogordo,  2,300 

acre-feet;  McMillan,  1,000  acre-feet;  and  Red  Bluff,  1,600  acre- 
feet.  It  is  probable  that  this  loss  of  storage  capacity  can  be 
replaced  at  alternative  sites  and  irrigation  projects  dependent 
upon  stored  water  can  be  operated  for  many  years.  However,  in  the 
process  of  filling  reservoirs  and  replacing  them,  each  abandoned 
reservoir  becomes  a heavy  user  of  water  by  evaporation  from  sedi- 
ment deposits,  seepage,  or  transpiration  by  salt  cedars.  Conceiv- 
ably, water  supply  rather  than  availability  of  reservoir  sites 
might  become  the  limiting  factor  in  the  maintenance  of  irrigation 
projects.  . 

159*  Method  of  estimating  sediment  damage  to  reservoirs.-— Theoretically 
at  least,  there  are  three  methods  by  which  sediment  damages  can  be 
estimated,  depending  on  the  basic  hypothesis  of  future  operations 
that  are  adopted: 

1.  It  can  be  assumed  that  additional  storage  capacity  will 
be  developed  each  year  to  offset  the  loss  of  present 
capacity  due  to  sediment  deposition.  In  this  case  the 
sediment  damage  is  equal  to  the  cost  of  replacement  as 
there  will  be  no  diminution  of  water  supply  of  the 
\ dependent  irrigation  projects.  , On  this  basis  the  cost 

of  replacement,  or  sediment  damage,  is  estimated  at  about 
$200,000  per  year.  This,  however,  is  based  on  a highly 
theoretical  assumption  — one  that  never  exists  in  fact. 
Reservoir  capacity  cannot  be  developed  by  a scries  of 
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small  accretions.  And  if  history  furnishes  any  criteria, 
replacement  capacity  is  not  constructed  until  the  pinch 
of  water  shortages  "becomes  acute*  For  these  reasons 
this  method  of  estimating  sediment  damages  has  "been  dis- 
carded* 

2,  It  can  he  assumed  that  the  development  of  additional 
reservoir  sites  is  infeasible.  Under  this  assumption 
the  acreage  irrigated  by  stored  water  would  gradually 
shrink  to  zero  as  the  reservoirs  are  filled  with  sedi- 
ment, The  annual  sedimentation  damages  are  equal  to  the 
difference  in  services  supplied  by  the  reservoirs  with 
no  sediment  and  the  annual  equivalent  -value  of  a declin- 
ing series  of  values  from  present  levels  to  zero,  This 
method  results  in  an  estimate  of  sediment  damages  of 
$500,000  annually,  ’The  principal  weakness  of  this 
estimate  lies  in  the  basic  assumption  that  reservoir 
replacement  is  infeasiblec  There  is  considerable 
evidence  at  hand  to  indicate  that  it  is  feasible  to 
replace  present  reservoirs  at  least  once  on  the  basis 
of  present  methods  of  economic  justification* 

3*  It  can  be  assumed  that  reservoir  capacity  will  be  replaced 
sometime  before  the  entire  capacity  is  lost  but  sometimo 
after  sediment  displacement  causes  a reduction  in  the  water 
supply.  This  essentially  is  a compromise  of  the  first  two 
assumptions.  Because  it  is  more  realistic  than  the  first 
two  assumptions,  it  is  used  as  the  basis  for  estimating 
damages  to  irrigation  reservoirs.  The  average  annual  sedi- 
ment damage  to  reservoirs  using  this  method  is  estimated 
at  §377,SOO,  The  method  used  in  arriving  at  this  estimate 
is  discussed  in  the  following  paragraphs* 

160,  As  pointed  out  above,  the  damage  to  a reservoir  is  made  up  of  two 
types  of  damage:  l)  the  damage  to  the  roservoir  itself  arising 

from  the  fact  that  sediment  shortens  its  useful  life  and  thereby 
necessitates  frequent  replacement  at  additional  cost  and  2)  the 
reduction  in  services  supplied  by  the  reservoir  between  the  time 
that  capacity  depletion  begins  to  affect  the  water  supply  and  tho 
time  replacement  is  made,  Furthermore,  there  is  a point  in  the 
life  of  any  reservoir,  depending  upon  the  rate  of  capacity  deple- 
tion, the  cost  of  replacement,  and  the  value  of  water,  when  it 
is  most  economical  to  replace  the  roservoir  and  thereby  minimize 
costs  or  damages.  This  is  merely  based  on  a well  recognized 
principle  of  cost  accounting*  Decisions  on  when  to  rcplaco  equip- 
ment, or  a factory  for  example,  are  based  on  the  same  principles. 
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161.  In  order  to  determine  the  minimum  sediment  damage  or  the  minimum 
cost  of  maintaining  water  supply,  these  three  factors  were  deter- 
mined: 

1.  The  cost  of  replacement  storage. 

2.  The  productive  value  of  water. 

3.  The  effect  of  sediment  deposition  or  reduced 
reservoir  capacity  on  water  supply* 

162.  Cost  of  replacement  storage. — Ro  cost  estimates  of  alternative 
reservoirs,  based  on  detailed  surveys,  are  available.  Some  rough 
cost  estimates  of  apparently , suitable  sites  have  been  made.  That 
these  estimates  were  apparently  low  is  shown  by  the  fact  that  at 
least  one  such  site  was  passed  up  when  Alamogordo  Reservoir  was 
built  in  1936  at  an  indicated  higher  cost. 

163*  In  the  absence  of  any  better  data,  a comparison  of  the  cost  of 

Alamogordo  and  McMillan  Reservoirs  was  made*  Alamogordo  was  built 
primarily  to  replace  McMillan.  'When  the  original  construction 
costs  were  placed  on  a comparable  cost  basis,  it  was  found  that 
Alamogordo  exceeded  the  cost  of  McMillan  by  slightly  more  than  50 
percent  (per  acre— foot) • On  this  basis  it  was  assumed  that 
replacement  for  Alamogordo  would  in  turn  cost  50  percent  more  than 
Alamogordo.  As  a matter  of  fact  the  additional  cost  of  developing 
less  favorable  sites  represents  only  a small  part  of  the  total 
additional  cost.  Replacement  sites  are  generally  located  upstream 
from  existing  developments,  each  one  farther  away  from  the  land  it 
serves.  Operational  losses  increase,  greater  storage  capacity  is 
required  to  provide  the  same  amount  of  irrigation  water,  and  the 
farther  upstream  irrigation  reservoirs  arc  located,  the  more  v/ater 
is  allowed  to  escape  unused  from  the  basin.  Thus  it  should  be 
obvious  that  the  uso  of  an  estimated  cost  of  replacement  50  percent 
greater  than  the  cost  of  present  reservoirs  is  amply  conservative. 

164,  The  productive  value  of  v/ater. — Throughout  the  Pecos  River  watershed 
and  particularly  in  those  areas  irrigated  by  reservoirs,  water  is 
the  limiting  factor  of  production  during  most  years.  Reduction  of 
reservoir  capacity  by  sedimentation  further  limits  v/ater  supply  with 
a consequent  reduction  in  crop  yields  and/or  curtailment  of  crop 
acreages.  As  a result  farm  income  decreases.  The  extent  to  which 
net  farm  income  decreases  is  considered  a damage  attributable  to 
reservoir  sedimentation.  The  productive  value  of  water  is  defined 
as  the  reduction  in  net  farm  income  per  acre-foot  of  water  supply 
lost  duo  to  reservoir  sedimentation. 
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165.  The  extent  to  which  net  farm  income  is  reduced  depends  to  a consider- 
able degree  on  the  adjustments  farmers  make  to  meet  the  requirements 
of  reduced  water  supply*  Temporarily,  they  may  shift  to  crops  that 
require  less  water.  Alfalfa  has  a high  water  requirement,  but  it  is 
extremely  doubtful  if  yields  of  other  crops  can  be  maintained  with- 
out alfalfa  in  the  rotation.  Cotton,  with  a relatively  low  water 
requirement,  is  limited  by  acreage  allotments.  Another  alternative 
is  to  spread  the  reduced  water  supply  over  the  same  acreage.  How- 
ever, this  would  result  in  great  reductions  in  crop  yields  with  very 
little  reduction  in  operating  costs*  The  third  alternative  and  the 
one  that  would  probably  minimize  losses  is  to  reduce  the  acreage 
irrigated.  On  this  basis  it  is  estimated  that  the  reduction  in  net 
farm  income  amounts  to  about  $15*90  per  acre— foot  of  water.  This 

is  considered  the  productive  value  of  water  (1948  conditions), 

166,  The  effect  of  sediment  on  water  supply,— 3e cause  storage  reservoirs 
spill  only  occasionally,  an  acre-foot  of  sediment  does  not  displace 
an  acre-foot  of  water  annually.  The  amount  of  displacement  at  vari- 
ous levels  of  capacity  depletion  was  determined  by  reservoir  oper- 
ation studies,  using  available  records  of  inflow,  river  depletions, 
and  irrigation  requirements  consistent  with  available  supply.  The 
relationship  between  available  storage  capacity  and  water  supply  is 
not  the  same  for  different  resorvoirs  nor  is  it  constant  throughout 
the  life  of  the  reservoir.  As  a reservoir  fills  with  sediment, 
spills  become  larger  and  more  froquent,  and  each  acre-foot  of  sedi- 
ment reduces  the  water  supply  more  and  more.  At  Alamogordo  Reservoir, 
for  example,  it  was  found  that  after  10  years  of  sedimentation  at 
present  rates,  water  supply  is  reduced  by  only  1,900  acre— feet 
annually,  in  20  years  the  reduction  is  4, 200  acrG-fcct,  and  after 

40  years  it  amounts  to  10,600  acre— feet, 

167*  Annual  sedimentation  damage  to  reservoirs,— On  the  basis  of  replace- 
ment cost  and  value  of  water  lost  as  a result  of  sedimentation, 
average  annual  sedimontat ion  damages  were  determined  for  Alamogordo 
and  Bed  Bluff  Reservoirs,  A brief  excerpt  of  the  tabulation  for  the 
Alamogordo  Reservoir  is  shown  below  to  illustrate  the  method  used. 


\ 
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SEDIMENTATION  DAMAGES  - ALAMOGORDO  RESERVOIR 


Given:  Sedimentation  rate  2,300  acre-feet  per  year* 

Cost  of  replacement  $6,l40,000 

Value  of  water  $15*75  Per  acre-foot.  1/ 


Age  of 
reservoir 

Annual  cost  of 
replacement  2/ 

Value  of  water 
lost  annually 

Total 

sed.iment  damage 

44  years 

$78,200 

$81,900 

$160,100 

45  years 

75,300 

84, 600 

159,900 

46  years 

72,600 

87,300 

159,900 

47  years 

70,000 

90,100 

160,100 

l/  Value  of  $15.75  per  acre-foot  applies  only  to  water  stored  in 
Alamogordo  Reservoir*  The  average  value  of  stored  water  in  all 
reservoirs  is  $15*90  per  acre— foot  (1948  price  levels). 


2 / Annuity  necessary  to  accumulate  replacement  cost  at  2lj  percent 
interest  at  the  end  of  period  shown  in  left  hand  column. 

I08.  The  foregoing  tabulation  indicates  that,  under  the  hypotheses  used, 
replacement  of  Alamogordo  Reservoir  should  he  made  when  it  is  45  or 
46  years  old  and  that  the  total  sediment  damage  is  estimated  at 
$159j900  per  year.  This  amounts  to  a damage  of  about  $70  per  acre- 
foot  of  sediment*  The  damage  to  Rod  Bluff  Reservoir  was  similarly 
calculated.  The  damage  to  this  reservoir  is  estimated  at  about  $81 
por  acre— foot  of  sediment* 

169*  Sedimentation  of  Red  Bluff  and  Alamogordo  Reservoirs  represents 

about  SO  percent  of  tho  total  reservoir  sedimentation  in  the  water- 
shed for  which  damages  are  evaluated.  Accordingly  the  mean  sediment 
damage  per  acre-foot  of  sediment  for  Alamogordo  and  Red  Bluff  Reser- 
voirs was  applied  to  the  other  reservoirs*  On  this  basis,  total 
rosorvoir  sedimentation  damages  are  estimated  at  $377,^00  annually* 

170*  Summary  of  average  annual  flood  damages* — -Under  present  conditions, 
it  is  expect od  that  flood  damages  will  average  $933 ,000  annually, 
as  shorn  in  table  11* 
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Table  11  - SUMMART  OF  AVERAGE  AE11UA1  FLOOR  DAMAGES 


Peoos  River  'watershed 


Type  of  Damage 

Amount 

Percent  of  Total 

Floodwater  damage 

Agricultural 

Land 

$154,900 

l6.6 

Crops 

17S,200 

19*1 

Other 

121,800 

13.1 

Eonagr i cul tural 

100,300 

10.7 

Subtotal  — Floodwater  damage 

555,200 

59.5 

Sediment  damage 

377.SOO 

40.5 

TOTAL  FLOOD  DAMAGE 

$933,000 

100.0 

171*  Other  flood  damages  not  evaluated* — -Certain  flood  damages  are  not 
adaptable  to  monetary  evaluation  either  because  of  their  nature  or 
because  sufficient  data  are  not  available  to  evaluate  them.  Some 
of  the  more  important  damages  of  this  type  are: 

a.  Loss  of  meadow  land  (not  included  in  table  10)  by 
bank  caving  and  lowering  of  water  table*  This  land 
forms  the  hub  of  many  ranch  operations*  Its  destruc- 
tion creates  a damage  far  in  excess  of  the  normal 
market  value  of  the  land* 

b.  Loss  of  range  improvements*  Because  of  their  scattered 
nature,  destruction  of  range  improvements  caused  by 
floods  was  not  evaluated*  The  principal  improvements 
affected  are  fences,  water  spreaders,  and  stock  tanks, 
either  by  sedimentation  or  actual  destruction. 

c*  Loss  of  range  livestock.  Flood  producing  stormsj 
especially  the  short,  high  intensity  storms,  drive 
livestock  into  arroyas  where  the  high  banks  offer  a 
measure  of  protection.  There  they  are  trapped  and 
drowned  by  walls  of  water  rushing  down  the  channel. 

E^o— ■ witness  accounts  frequently  mention  drowned  live- 
stock floating  in  the  floodwaters* 
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d.  loss  of  life,  luring  the  1541  flood  year,  at  least  23 
people  are  known  to  have  lost  their  lives. 

e.  Interruption  of  business  activity.  Floods  naturally 
interfere  with  normal  business  activity  both  on  the 
farm  and  in  the  city.  The  economic  value  of  the  inter- 
ruption of  normal  business  activity  is  real  though 
difficult,  if  not  impossible,  to  evaluate. 

f.  Costs  of  evacuation.  Floods,  or  threats  of  floods, 
often  lead  to  widespread  evacuation  of  flood  zones. 

This  is  a common  occurrence  in  Ho swell,  Hew  Mexico.  A 
number  of  families  were  evacuated  from  their  homes  in 
the  village  of  Lake  Arthur,  Hew  Mexico,  during  the  flood 
of  1945. 

g.  Decreased  water  supply  due  to  channel  enlargement  or 
aggradation.  The  increase  in  channel  losses  brought 
about  by  enlargement  due  to  floods  has  undoubtedly  re- 
sulted in  less  water  being  available  for  beneficial  uses. 
With  the  increase  in  channel  capacities,  losses  by  evap- 
oration and  transpiration  are  robbing  irrigation 
interests  of  much  needed  water.  The  Pecos  Hiver  at  the 
head  of  Lake  McMillan  is  estimated  to  be  seven  times 

as  wide  in  1941  as  it  was  in  1904.  Similar  differences 
have  probably  developed  in  other  areas. 

h.  Unsanitary  living  conditions  following  floods. 
Opportunities  abound  for  widespread  epidemics  follow- 
ing floods.  Open  wells  and  irrigation  ditches  are  the 
source  of  much  of  the  domestic  water  and  are  highly 
subject  to  contamination  and  pollution.  Flooded 
basements  are  another  menace  to  health. 
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G-eneral.  — The  program  of  runoff  and  waterflow  retardation  and  soil 
erosion  prevention  recommended  in  this  report  has  been  developed 
along  linos  proposed  by  Federal,  state,  and  local  agencies  interested 
in  program  objectives.  In  addition,  seme  phases  of  the  program  are 
based  on  studies  of  representative  sample  watersheds.  Investigations 
wore  made  in  small  watersheds  to  determine  the  kind  and  extent  of 
special  flood  control  measures  needed  to  reduce  floodwatcr  damage  and 
stream  bank  erosion. 
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Land  Treatment  Measures 

173»  General. — -14any  of  the  land  treatment  measures  recommended  are  now 
"being  carried  out  in  the  watershed  "by  several  agencies  which  con- 
duct programs  that  include,  or  contribute  to,  the  establishment 
of  soil  and  moisture  conservation  practices.  The  work  "being  done 
"by  these  agencies  which  contributes  to  a reduction  in  floodwater 
and  sediment  damages  in  the  watershed  has  been  considered  in  the 
development  of  program  recommendations.  Each  agency  has  provided 
information  regarding  the  quantities  and  Federal  cost  of  practices 
being  established  currently  which  contribute  to  flood  control 
objectives.  It  is  assumed  that  these  activities  will  continue  at 
present  rates.  The  quantities  of  land  treatment  measures  recom- 
mended herein  represent  the  additional  quantities  of  measures 
needed  over  and  above  the  amounts  that  will  be  applied  during  the 
15-year  installation  period  at  current  rates. 

174.  Lange  and  forest  land  improvement.— The  improvement  of  deteriorated 
cover  on  range  and  forest  lands  in  the  watershed  is  a fundamental 
part  of  the  program  herein  recommended.  The  following  recommended 
practices  will  aid  in  retarding  runoff,  reduce  rates  of  erosion 
and  sedimentation,  and  increase  the  over-all  productivity  of  graz- 
ing and  timber  lands,  ifettural  revegetation  will  be  relied  upon 
for  most  of  the  rehabilitation  of  watershed  lands.  This  will 
be  brought  about  through  improved  management  practices  including 
conservative  forage  utilization,  improvement  of  systems  of 
grazing,  and  other  practices  which  will  allow  for  better  distribu- 
tion of  livestock  and  eliminate  concentration  of  use.  Depleted 
range  land  will  be  seeded  to  grass  where  conditions  are  favorable 
for  establishing  a grass  cover.  The  seeding  of  some  areas  will 
involve  b rush^remo val « Cultivated  land  not  suited  for  crop  produc- 
tion will  be  seeded  to  grass  for  grazing  use.  Seeded  areas  will 
need  to  be  protected  from  grazing  until  the  grass  cover  becomes 
established.  Eodents  will  be  controlled  in  areas  to  be  seeded 
and  in  localized  areas  in  the  watershed  to  aid  in  establishing 
and  maintaining  a satisfactory  vegetative  cover*  Secondary  roads 
throughout  the  watershed  will  be  treated  at  locations  where 
erosion  is  critical.  Much  of  the  road  stabilization  work  will  be 
done  in  the  forested  portions  of  the  wa.tersh.ed* 

175*  In  addition  to  the  foregoing  measures,  structural  measures  recom- 
mended to  aid  in  improving  watershed  conditions  include  diversion 
dams,  dikes,  ditches,  and  grade  stabilization  structures. 

I76*  The  application  of  additional  fire  control  measures  will  reduce 
the  incidence  and.  extent  of  timber  and  grass  fires  and  thereby 
reduce  the  area  that  becomes  a source  of  increased  runoff  and 
sediment  production  each  year  because  of  fires. 
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Land  acquisition,-— Numerous  tracts  of  private  lands  within  and 
adjacent  to  national  forests  present  a problem  in  obtaining  uniform 
application  of  a watershed  improvement  program.  Much  of  the  grazing 
land  is  abused  by  overgrazing.  Some  owners  of  timberlands  cooperate 
with  the  Forest  Service  in  setting  good  management  standards  for 
harvesting  timber  and  disposing  of  slash.  Other  owners  are  not 
interested  in  carrying  out  these  practices  to  preserve  watershed 
resources.  Clear  cutting  of  timberlands  creates  an  immediate  flood 
hazard.  Present  high  prices  of  lumber  invite  private  owners  to 
clear-cut  timberlands  without  regard  to  the  consequences  of  such 
wasteful  operations.  It  is  recommended  that  about  60,000  acres  of 
privately  owned  land  within  or  adjacent  to  national  forests  which 
are  or  may  become  critical  flood  source  areas  be  purchased.  In- 
cluded are  tracts  which  cannot  be  brought  undor  conservative 
management  for  watershed  protection  while  in  private  ownership. 

Land  used  for  crop  production  under  good  management,  homesites, 
and  townsitos  have  not  been  considered  for  purchase.  Consequently, 
the  proposed  purchase  program  will  not  displace  families. 

Land  treatment  measures  herein  recommended  are  summarized  in 
table  12, 

Dry-farm  land  improvement,— Severe  erosion  is  occurring  on  the  dry- 
farm  land  in  the  upper  portion  of  the  watershed  where  steep  slopes 
are  cultivated.  The  soils  are  very  erodiblo,  and  farming  practices 
arc  conducive  to  rapid  runoff  and  soil  erosion,  A number  of 
conservation  practices  can  be  applied  to  theso  lands  to  reduce  run- 
off and  sediment  production  from  such  areas.  These  practices  are: 
contopr ^tillage , crop  residue  management,  terracing,  and  retirement 
from  cultivation  of  land  that  should  not  be  farmed  (table  12), 

Land  retired  from  cultivation  will  bo  seeded  to  grass  and  protected 
from  use  until  a vegetative  cover  is  well  established. 

Irrigated  land  improvement,— About  5 0,000  acres  of  irrigated  land 
in  the  watershed  are  the  source  of  excessive  runoff  and  sediment. 
This  land  is  situated  in  the  upper  reaches  of  the  Pecos  River  and 
its  principal  tributaries.  All  of  the  land  should  be  ^leveled  to 
reduce  erosion  and  additional  measures  are  needed  to  protect  the 
land  and  conserve  water.  These  measures  include  drops,  water 
disposal  systems,  and  suitable  practices  of  water  management.  The 
remaining  225*000  acres  of  irrigated  land  in  the  Pecos  Valley  are 
not  subject  to  serious  erosion,  but  certain  conservation  measures 
will  be  applied  to  effect  savings  of  water.  This  work  will  bo 
carried  out  under  the  ,!going  programs* n Tho  kind  and  amount  of 
practices  needed  on  irrigated  land  are  shown  in  table  12, 
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\J  Private  lands  to  be  aoquired.  2j t 3 f includes  $367,200  and  $146,000  respectively  for  administration  of  direct  aids.  New  Mexico,  $337,500;  Texas,  $112,500. 


181* 


(?la— * 


Technical  Services  — Direct  Aids  - Educational  Assistance 

Technical  services » — Technical  services  will  he  provided  to  plan 
and  apply  the  land  treatment  measures  herein  recommended.  The 
cost  of  technical  services  is  shown  in  table  12*  These  services 
will  he  furnished  to  plan  proper  land  management  practices  which 
are  necessary  for  vegetative  improvement  in  the  watershed*  They 
include  the  planning  of  suitable  conservation  measures  on  dry— farm 
and  irrigated  land  to  control  runoff  and  reduce  erosion.  Measures 
recommended  are  terracing,  crop  residue  management,  grassed  water- 
ways, land  leveling,  and  diversion  dikes  and  ditches.  Technical 
services  include  the  engineering  help  needed  to  design  and  con- 
struct stabilizing  and  sediment  control  structures.  The  services 
needed  to  apply  measures  recommended  for  forest,  range  land,  and 
woodland  areas  will  also  be  furnished* 

182.  Direct  aids. — A share  of  the  cost  of  installing  land  treatment 
measures  on  non-Eederal  land  will  be  contributed  in  the  form  of 
direct  aids  to  individuals  who  participate  in  the  program.  The 
part  of  cost  of  the  installation  of  approved  measures  which  will 
be  covered  by  direct  aids  is  distributed  among  land  treatment 
measures  listed  in  table  12.  Land  operators  will  contribute  a 
substantial  part  of  the  cost  of  installing  measures  on  non- 
Eederal  land.  Because  of  the  extreme  differences  in  financial 
ability  of  land  operators  to  apply  recommended  measures  and  due 
to  the  extent  of  public  benefits  involved,  there  needs  to  be 
considerable  flexibility  in  the  direct  aid  program. 

183.  Educational  assistance. — Landowners  and  operators  and  others  in 
the  watershed  will  be  furnished  educational  assistance  relative 
to  the  need  for  the  recommended  program  and  its  purposes  and 
objectives.  Information  will  be  supplied  as  to  the  manner  in 
which  landowners  and  operators  now  obtain  services  and  assistance 
that  are  available  through  the  various  governmental  agencies,  and 
how  they  can  and  should,  by  their  own  efforts,  contribute  success- 
fully and  most  economically  to  the  accomplishment  of  the  over-all 
objectives.  Intensified  educational  efforts  will  bo  directed  to 
familiarizing  farmers  with  the  specific  practices  and  measures 
essential  to  runoff  and  waterflo w retardation  and  soil  erosion 
prevention,  how  to  install  and  apply  those  measures  not  requiring 
the  detailed  assistance  of  a specialized  technician,  how  to  main- 
tain such  installations  and  measures,  and  ho w to  integrate  all 
into  the  soundest  farming  system  to  produce  the  greatest  benefit 
over  a long  period  of  time.  The  Department  is  committed  to  a 
watershed  and  subwatershed  approach  in  carrying  out  its  responsi- 
bilities in  the  interest  of  flood  control.  It  is  essential  that 
educational  assistance  provided  under  this  program  be  directed 
toward  furthering  the  specific  objectives  of  floodwator  and 
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sediment  damage  reduction,  and  that  it  he  fitted  as  to  method  and 
synchronization  into  sub-watershed  operations  activities. 

lS3a  Program  evaluation, — Investigations  and  studies  of  program  instal- 
lations will  be  conducted  in  selected  subwater sheds  to  determine 
their  effectiveness  and  adequacy  for  runoff  and  waterflow  retarda- 
tion and  soil  erosion  prevention.  To  implement  these  activities, 
it  may  be  necessary  to  provide  devices  to  measure  rainfall  and 
stream  flo w in  the  areas  where  program  evaluations  are  made*  The 
results  of  the  studies  may  indicate  changes  needed  in  the  appli- 
cation of  land  treatment  measures  to  make  the  program  morG  effect- 
ive in  reducing  flood-water  and  sediment  damages*  They  will  also 
be  used  to  evaluate  the  effect  of  the  program  on  watershed  yields* 
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Additional  Measures  Needed  for  the 
Reduction  of  Floods  and  Sediment 


184.  Channel  improvement# — Some  reaches  of  the  Pecos  and  major  tributaries 
have  constricted  channels  so  that  small  flood  flows  cause  extensive 
damage  by  overbank  flooding.  At  other  points  the  channel  alignment 
retards  flood  flows,  and  adjacent  areas  are  damaged  by  overflow  when 
floods  occur.  As  a means  of  regulating  flood  flows,  the  channels 
will  be  cleared,  straightened,  or  enlarged  to  the  extent  necessary 
to  prevent  overbank  flooding.  The  amount  of  channel  work  recom- 
mended is  indicated  in  table  12. 

1S5.  Bank  protection.— The  encroachment  of  the  river  or  tributaries  into 
irrigated  land  is  serious  in  irrigated  farming  areas.  Stream  bank 
erosion  has  been  dealt  with  by  individuals  at  isolated  points,  but 
the  cost  of  adequate  protective  measures  is  beyond  their  financial 
capacity.  The  program  proposes  the  installation  of  stream  bank 
protection  structures  at  locations  where  there  are  extensive  losses 
of  irrigated  land.  Various  kinds  of  materials  will  be  used  to 
stabilize  stream  banks.  Maximum  possible  use  will  be  made  of  local 
material  so  that  costs  will  be  kept  as  low  as  possible.  In  some 
construction,  tree  and  cable  will  be  used.  Such  materials  as  rock, 
wire,  rails,  or  structural  steel  will  be  used  in  revetment  works. 

The  number  of  miles  of  stream  bank  protection  work  recommended  is 
shown  in  table  12* 

186.  The  estimated  cost  of  measures  designed  to  prevent  stream  bank 

erosion  is  basod  on  the  calculated  cost  of  work  near  Port  Sumner, 

Now  Mexico,  which  consists  of  tree  and  cable  revetment  and/or 
tetrahedrons  with  tic—' back  silt  depositor  jetties  in  critical 
areas.  These  measures  will  be  supplemented  with  selected  tree  and 
shrub  plantings.  Based  on  1948  prices,  the  construction  cost  is 
estimated  at  $5* 80  per  foot.  Stream  bank  protection  work  at  Port 
Sumner  is  an  example  of  the  more  expensive  type  of  treatment.  The 
problem  at  some  sites  will  be  corrected  with  only  tree  and  cable 
type  of  installations.  This  will  reduce  the  average  cost  of  stream 
bank  protection  work  to  an  estimated  $4.60  per  foot. 

187«  Ploodways. — Considering  the  entire  area,  water  limits  the  expansion 
of  irrigated  agriculture  in  the  watershed.  However,  in  the  upper 
reaches  of  the  Pecos  and  its  main  tributaries,  irrigable  land  is  a 
limiting  factor*  The  developed  areas  arc  narrow  strips  of  land 
situated  adjacent  to  channels  where  they  can  be  irrigated  readily 
with  water  diverted  from  streams.  When  this  land  is  destroyed  by 
floodwatcr  or  bj7-  the  deposition  of  infertile  material,  it  cannot 
be  replaced  by  the  development  of  new  land.  The  shortago  of  irri- 
gable land  in  the  upper  parts  of  the  watershed  has  compelled 
farmers  to  encroach  upon  natural  stream  channels.  To  mad nt a in  the 
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acreage  under  cultivation,  some  farmers  have  eliminated  the  natural 
waterways.  1/hen  floods  occur,  overflow  is  inevitable.  Crops  and 
land  are  damaged  by  floodwater,  but  sediment  damage  is  the  most 
serious  problem  in  tributary  drainages.  The  deposits  of  infertile 
material  on  irrigated  land  put  it  permanently  out  of  production  in 
some  instances.  Another  type  of  damage  caused  by  floods  in  side 
tributaries  results  from  the  sedimentation  of  main  stream  channels. 
The  material  washed  into  them  fills  the  channel  and  changes  stream 
flow  so  that  flooding  and  bank  cutting  occur* 


ISo.  Irrigation  ditches  which  serve  the  farm  land  arc  built  across  the 
side  tributaries  and  are  subject  to  damage  when  floods  occur*  If 
the  structures  are  not  washed  out  by  high  water,  the  irrigation 
ditch  is  filled  with  sediment  which  prevents  operation  of  the 
system.  Crops  suffer  v/hen  irrigation  services  stop.  Other  damages 
include  cleaning  or  reconstruction  costs.  The  recommended  program 
includes  the  enlargement  or  construction  of  waterways , the  con- 
struction of  adequate  irrigation  facilities  across  the  tributaries 
and  the  installation  of  overshots,  detention  structures,  stabil- 
ized drops,  and  other  structures  to  protect  irrigation  systems. 

189*  Irrigation  structures  which  cross  the  drainageways  obstruct  the 
flood  flows  and  arc  often  damaged  or  destroyed.  The  floodway 
systems  will  include  the  installation  of  siphons  in  addition  to 
detentions,  channel  enlargements,  and  stream  bank  stabilizations. 
The  floodway  systems  will  regulate  flood  flows  and  prevent  damage 
to  adjacent  land.  Interruptions  in  irrigation  service  w ill  be 
prevented  and  crops  will  be  protected  from  damage  due  to  the  lack 
of  water. 

190.  The  estimated  cost  of  the  l4  miles  of  floodways  is  based  on  a 

selected  typical  sample.  A small  tributary  drainage  of  L*37  sq.mi. 
and  a 2,200-foot  floodway  through  cultivated  land  near  Villanueva, 
Hew  Mexico,  50 re  studied  in  detail.  This  study  revealed  the  most 
practical  flood  protection  measure  to  be  a detention  dam  above  the 
cultivated  land  with  an  adequate  floodway  to  carry  the  limited 
quantity  of  water  discharged  by  the  detention  dam  to  the  river 
without  causing  damage.  The  following  data  shows  the  basis  for 
design  and  the  estimated  cost. 


Estimated  100-year  flood  volume,  present  conditions 
Estimated  100— year  flood  volume,  with  program 
Estimated  allowance  for  sediment  expected  to  be 
deposited  in  reservoir  the  first  50  yoo-rs 
Design  capacity  of  detention  dam 
Total  height  of  earth  fill  detention  dam 
Total  earth  fill 
Length  of  floodway  to  river 


54.6  ac.ft. 
38.2  ac.ft. 

28.8  ac.ft. 
67.O  ac.ft. 
24  foot 
16,500  cu.yds. 
2,200  feet 
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Total  estimated  cost  of  floodway  and  detention 
with  outlet  and  appurtenances 


$9,520 


Unit  cost  of  floodways 


Estimated  number  of  floodways  required 
Estimated  total  cost  of  l4  miles  of  floodways 


3^ 

$325,000 

$23  >210  per  mile 


In  this  selected  typical  sample,  a detention  dam  with  a floodway 
was  selected  as  being  the  best  type  of  protection.  In  other  cases 
existing  floodways  can  be  enlarged  where  the  right  of  way  required 
does  not  critically  affect  individual  landowners.  In  some  cases 
a detention  dam  with  a diversion  around  the  farm  lands  will  be  the 
most  desirable 'plan.  It  is  felt  that  this  sample  is  typical  and 
that  for  the  purpose  of  determining  the  economic  feasibility,  the 
unit  cost  is  on  the  conservative  side. 

191»  Capitan  detention  dam. — An  item  in  the  recommended  program  is  a 

detention  structure  on  Salado  Creek  just  above  its  confluence  with 
Rio  Bonita  and  about  2 miles  below  Capitan,  Hew  Mexico.  This  earth, 
rock-fill  structure  is  designed  to  retard  flood  flows  and  reduce 
floodwater  and  erosion  damage  to  high  value  irrigated  land  along 
the  Rio  Bonito  and  Rio  Hondo. 


192.  Eradication  and  control  of  salt  cedar. — Water  supply  is  the  limiting 
factor  in  the  production  of  crops,  as  well  as  in  many  other  activ- 
ities, in  the  Pecos  River  Basin.  The  water  yield  under  current 
conditions  is  fully  appropriated  for  beneficial  use  on  irrigated 
lands  and  for  domestic  use.  Seasonal  water  shortages  occur  fre- 
quently, and  the  Pecos  River  Compact  Commission  has  expressed 
concern  regarding  any  type  of  program  in  the  basin  that  might 
consume  additional  water.  The  Departments  of  Agriculture  and  Inte- 
rior are  anxious  to  assist  in  improving  and  maintaining  water  sup- 
plies to  the  greatest  extent  possible.  So  far  as  can  be  determined 
from  available  evidence  and  logical  reasoning,  an  improvement  in 
vegetative  conditions  throughout  the  Pecos  River  Basin  will  consume 
some  additional  water.  This  will  be  only  a small  percentage  of  the 
total  water  yield,  but  where  there  is  not  enough  water  now,  even 
this  small  reduction  would  aggravate  this  critical  situation.  Under 
these  circumstances,  a complete  program  of  watershed  improvement 
should  include  enough  water  conservation  measures  to  at  least  off- 
set the  estimated  reduction  in  water  yields* 

193*  fortunately,  in  the  Pecos  Basin  the  small  reduction  in  water  yields 
expected  as  a result  of  carrying  out  a watershed  improvement  pro- 
gram can  be  offset  by  eliminating  the  salt  cedar  growth  on  the 
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delta  area  above  McMillan  Reservoir.  The  consumptive  use  of  non- 
"beneficial  salt  cedars  growing  on  the  1 4,000— acre  delta  area  has 
"been  authoritatively  estimated  to  average  from  5 to  6 acre-feet 
per  acre  annually.  This  estimate  includes  precipitation  and  sub- 
surface water  consumed.  A .portion  of  this  water  can  "be  salvaged 
"by  eradicating  the  salt  cedars  and  maintaining  the  area  in  grass 
and  other  "beneficial  vegetation  that  consumes  less  water,  thereby 
offsetting  the  anticipated  reduction  in  runoff  from  certain  portions 
of  the  watershed*  It  is  therefore  recommended  that  the  salt  cedars 
be  eradicated  and  adapted  grasses  and  other  vegetation  that  consume 
less  water  be  established  on  the  area.  Approximately  44  percent 
of  the  area  to  be  treated  is  in  Federal  ownership  and  is  administered 
by  the  Bureau  of  Reclamation.  The  remainder  of  the  area  is  in 
private  ownership*  The  program  herein  recommended  for  the  delta 
area  is  not  in  conflict  with  other  proposals  being  considered  to 
conserve  water  and  will  be  carried  out  by  the  Federal  agencies 
concerned  in  cooperation  with  local  interests.  It  is  not  intended 
to  establish  a principle  regarding  the  allocation  of  water  saved 
by  carrying  out  this  phase  of  the  recommended  program.  The  appor- 
tionment of  salvaged  waters  between  concerned  states  is  covered 
by  provisions  of  the  Recos  River  Compact.  The  responsibility  of 
determining  the  location  of  use  of  salvaged  waters  rests  with 
authorities  of  each  state.  Reeds  of  established  irrigation 
projects  should  receive  first  consideration  in  the  division  of 
salvaged  water  and  distribution  of  any  surplus  wat e r should  be 
made  on  the  basis  of  need  for  additional  water  and  the  relative 
benefit  to  be  derived  from  its  use. 

194.  The  need  for  this  type  of  work  is  recognized  in  article  IV(a)  of 
the  Pecos  River  Compact,  which  states  that:  ftl!ew  Mexico  and 

Texas  shall  cooperate  to  support  Legislation  for  authorization  and 
construction  of  projects  to  eliminate  nonbenef icial  consupmtion 
of  water. While  this  report  includes  only  the  recommendation 
for  salt  cedar  control  above  McMillan  Reservoir,  the  need  for 
eliminating  salt  cedar  growths  throughout  the  basin  where  they 
are  consuming  water  that  could  otherwise  be  put  to  beneficial 
use  is  fully  recognized.  In  addition  to  the  area  above  McMillan 
Reservoir,  salt  cedars  are  growing  along  the  Pecos  River  from 
Alamogordo  Reservoir  downstream  and  are  becoming  a serious 
problem  above  Alamogordo,  Avalon,  and  Red  Bluff  Reservoirs, 

195*  The  installation  cost  of  the  salt  cedar  control  program  is  estimated 
at  $1,050,000  of  which  it  is  recommended  that  the  Federal  G-overn— 
ment  provide  90  percent  and  local  interests  the  remaining  10  percent. 
Local  interests  will  be  expected  to  maintain  the  cover  which  is 
established  to  replace  the  salt  cedar  which  it  is  estimated  will 
cost  about  $35 » 0C0  annually. 
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196*  The  cost  of  clearing  salt  cedar  is  t>ased  on  the  estimated  per  acre 
cost  of  the  following  operations:  clearing  with  machinery,  $18; 

spraying  regrowth  with  2-4-D  for  three  years,  $15;  planting  grass 
and  other  adapted  vegetation,  $12;  measuring  results  in  water 
saving  for  a 5-year  period,  $5;  contingencies  and  overhead,  $25; 
total,  $75  Per  year.  Area  to  "be  treated  14,000  acres  x $75  = 
$1,050,000. 

197,  A summary  of  all  measures  included  in  the  recommended  program  is 
shown  in  table  12* 


/ 


* 


- 66  - 


COSTS  OP  THE  RECOMMEHRED  PROGRAM 


Installation  Costs 


19S*  General.— The  total  installation  cost  of  the  proposed  -watershed 

treatment  program  is  estimated  to  he  $20,126,300,  Of  this  amount 
the  Eederal  Government  will  contribute  approximately  $14,683*300. 
State  and  local  governments  will  he  expected  to  contribute  about 
$338,000,  or  its  equivalent,  and  private  interests  will  contribute 
some  $5,054,500,  or  its  equivalent.  Table  12  shows  a summary  of 
the  recommended  program  and  the  estimated  costs  to  the  Eederal 
Government,  state,  and  local  governments,  and  private  interests. 
Estimates  of  installation  costs  include  work  plan  development,  main- 
tenance during  the  installation  period,  engineering  and  supervision, 
and  overhead.  Maintenance  during  the  installation  period  includes 
the  cost  of  necessary  repairs  to  structures  prior  to  transfer  of 
the  facilities  to  local  agencies  for  operation.  Administration 
cost  involved  in  direct  aids  and  cost  of  technical  services 
are  included  in  the  cost  of  installing  land  treatment  measures. 


Operation  and  Maintenance  Costs 

199*  General. — Operation  and  maintenance  costs  of  the  program  arc  esti- 
mated at  $337, £40  annually  (table  13).  These  costs  are  those 
involved  in  obtaining  the  maximum  effectiveness  of  the  program 
after  the  installation  period.  The  maintenance  of  practices  on 
Eederal  lands  will  be  carried  out  at  Eedero.l  cost.  Measures 
carried  out  on  non-Eederal  la.nds  will  bo  maintained  by  locai 
interests. 

Tot o.l  Annual  Costs 

200.  General. — The  total  cost  of  installing  the  proposed  program  is 

$20,126, 3^0  (table  12),  and  the  average  a.nnual  installation  cost 
is  $573,975*  The  estimated  average  annual  operation  and  mainten- 
ance cost  of  tho  program  on  the  Pecos  River  watershed  is  $337*340. 
The  total  cost  of  the  remedial  program  on  an  annual  basis  is 
$9l6,Sl5*  'The  Eederal  Government  will  contribute  63  percent  of 
tho  average  annual  installation  cost  of  the  complete  program  and 
approximately  34  percent  of  the  annual  operation  and  maintenance 
cost. 


Table  13  - ESTIMATED  OPERATION  AND  MAINTENANCE  COST  OP  THE  RECOMMENDED  PROGRAM 
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Includes  129}000  acres  privately  owned  timberland, 
Contribution  by  Mescalero  Indians. 
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Annual  Cost  of  Land  Treatment  Measures 

201.  G-eneral. — The  cost  of  treating  range,  forest,  irrigated,  and  dry- 
lands varies  widely.  Tor  analysis  purposes,  it  is  necessary  to 
show  the  cost  of  installing  and  maintaining  a land  treatment  pro- 
gram for  each  land  use.  The  annual  maintenance  cost  of  watershed 
treatment  by  land  use  is  shown  in  table  13. 


Annual  Cost  of  Measures  Primarily  for 
the  Pc  duct ion  of  Floods  and  Sediment 

202.  G-eneral  .--Although  the  measures  primarily  for  the  reduction  of 

floods  and  sediment  arc  to  be  installed  at  widely  separated  loca- 
tions within  the  watershed,  the  unit  cost  of  comparable  practices 
do  not  vary  greatly.  Accordingly  these  measures  have  been  grouped 
into  four  main  categories:  channel  improvement,  bank  protection, 

floodwav  systems,  and  the  Capitan  detention  dam.  The  total 
annual  cost  for  the  installation  and  maintenance  of  each  measure 
is  shown  in  table  13* 

Annual  Cost  of  Water  Conservation  Measures 

203.  General. — The  eradication  and  control  of  nonbencf icial  salt  cedar 
which  covers  a l4, 000— acre  area  above  Lake  McMillan  will  greatly 
reduce  water  consumption  and  make  more  water  available  for  irri- 
gation downstream.  This  water  saving  measure  is  included  as  a 
means  of  offsetting  water  losses  due  to  the  watershed  treatment 
program.  The  annual  cost  of  treating  the  salt  cedar  area  is  shown 
in  table  13* 

PB0GRA.M  APPRAISAL 

204.  General.— It  is  estimated  that  portions  of  ngoing  programs”  of  the 
Pcdcral  Government,  together  with  the  program  recommended  herein 
will  reduce  flood  flows  and  sediment  production  by  the  amounts 
shown  in  the  following  paragraphs  (205—222)*  These  results  and 
their  effects  on  water  yields  and  ground— water  recharge  are  attrib- 
utable to  the  combined  programs.  Methods  of  calculating  the  effects 
of  the  program  are  also  shown. 

205.  Seduction  of  flood  flows. — The  reduction  in  precipitation  excess 
due  to  the  land  treatment  measures  was  calculated  for  each  plant- 
soil  group,  and  a weighted  average  reduction  obtained  for  the 
selected  representative  watersheds  (Sec  par.  101) . These  reduced 
values  were  inserted  into  the  peak  discharge— volume  curves  and 
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the  resultant  peaks  determined.  The  calculated  reduction  in  run- 
off ranged  from  29  percent  on  the  Rio  Bonita  at  Hondo  to  only  11 
percent  on  Madera  Canyon  at  Toyahvale,  and  averaged  approximately 
20  percent  for  the  watershed  as  a whole*  The  average  volume  of 
flood  flows  will  also  he  reduced  "by  about  20  percent*  The  follow- 
ing example  illustrates  the  method  used  in  arriving  at  the  esti- 
mated expected  reductions  in  peak  flows* 


! 


» 


Example  Calculations 


Rio  Pelix  at  Hagerman  — Drainage  Area  932  sq*  mi* 


206*  From  the  area  occupied  by  each  plant-soil  group,  the  weighted 
. average  precipitation  excess  (surface  run-off)  for  a typical  5~y°ar 
frequency  storm  was  calculated  for  present  conditions  and  for  futuro 


tabulated  below* 
Present  conditions 

!l  tl 


PG  (precipitation  excess) 

Plood  volume 

Puture  conditions  w/program 

Pe  (precipitation  excess) 

n n n Plood  volume 

Prom  the  equation  of  the  peak-volume  relationship  (sec  par.  99),  the 
peak  flows  for  the  above  volumes  are  as  follows: 


Results  are 

ex 

0.5S 

In. 

£5 

17,970 

ac.f  t 

ZS 

0.46 

in. 

S3 

14,020 

ac.f  t 

Present  conditions 

Puture  conditions  with 
program 

Percent  reduction  in 
peak  flow 


P = .78  x 17,970  f 926  = 15,000  c.f.s. 

P a .78  x 14,020  926  a 11,900  c.f.s. 

- 15»00Q  — 11,900  » 20*7  percent 

15,000 


2O7.  In  a similar  manner  the  percent  reduction  in  flood  peaks  was  deter- 
mined for  the  10,  25*  50 » and  100-ycar  expected  floods*  These 
reductions  were  tabulated  for  all  significant  tributaries  and  for 
selected  points  along  the  Pecos  River  where  needed  for  evaluating 
expected  floodwatcr  damage  reduction. 


20S.  Oapitan  detention  dam* — The  reservoir,  which  is  oxpected  to  be 

fully  effective  for  100  years,  is  designed  to  control  floods  up  to 
and  including  those  of  100-year  frequency.  This  reservoir,  having 
a drainage  area  of  121  square  miles,  is  located  so  that  it  will 
reduce  flood  damage  along  the  Rio  Bonito  and  Rio  Hondo.  The 
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effect  of  the  range  improvement  measures,  with  and  without  the 
reservoir,  was  determined  on  the  basis  of  flood  volume  reductions 
heretofore  described.  The  result  of  this  study  is  tabulated  below. 


Expected  Flood  Flows  on  Rio  Bonito  at  Hondo 


Frequency 
of  Floods 

Present 

Conditions 

With  Program 

\f  ith 

Reservoir 

Without 

Reservoir 

With 

Reservoir 

Without 

Reservoir 

- • 

cf  s 

cf  s 

cf  s 

cf  s 

5 yr. 

3.-000 

5,900 

1,900 

3,500 

10  yr. 

4,4oo 

g,6oo 

2,  goo 

5,300 

25  yr. 

6,200 

12,200 

4,000 

7,  goo 

50  yr. 

7,800 

14,900 

4,900 

9,700 

100  yr. 

g,goo 

17,400 

5,900 

11,600 

Expected  Flood  Flows 

; on  Rio 

Hondo  at  Diamond  A 

5 yr. 

3,  goo 

4,200 

3,000 

3,300 

10  yr. 

6, 600 

7,400 

5, 4oo 

6,000 

25  yr. 

11,700 

13,400 

9,500 

10,  goo 

50  yr. 

17,100 

19,900 

13,500 

15,500 

100  yr* 

24, goo 

28,600 

lg,400 

21,100 

209*  Reduction  of  area  flooded.— The  area  subject  to  flooding  under 

present  conditions  is  estimated  to  be  306,400  acres,  of  which  42,000 
acres  are  irrigated  cropland.  Reductions  in  peak  flood  flows  and 
additional  flood  protection  provided  by  measures  primarily  for 
flood  control  will  reduce  the  area  subject  to  flooding  by  an  esti- 
mated 96,000  acres.  Of  the  total  area  protected  from  flooding, 
23,000  acres  arc  irrigated.  In  addition  the  frequency  of  flood- 
ing on  the  remaining  acreage  will  be  sharply  reduced. 
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Effects  of  Land  Treatment  Measures 

210.  Changes  in  surface  run-off.— In  order  to  estimate  the  effect  of 

the  land  treatment  measures  on  irrigation  water  supply,  it  was 
necessary  to  divide  the  area  above  Red  Bluff  Reservoir  into  two 
categories:  first,  that  portion  in  the  mountains  and  forest 

from  which  large  quantities  of  snow  melt  run-off  occurs;  and 
second,  the  lower  lying  areas  which  are  made  up  almost  entirely 

of  range  land  and  where  surface  run-off  from  rainfall  predominates. 

211.  Within  the  high  mountain  portions  of  the  watershed  the  intensity 
of  program  measures  needed  is  less  than  on  the  lower  lying  areas, 
and  consequently  no  significant  change  in  run-off  from  the  upper 
areas  is  expected* 

212.  A study  of  gauging  station  records  shows  that  the  annual  yield  of 
surface  runoff  from  the  lower  lying  areas  of  the  watershed  averages 
about  3.3  acre-feet.  On  the  basis  of  infiltration  data,  it  is 
estimated  that  the  recommended  land  treatment  measures  will  improve 
vegetative  cover  and  may  reduoe  annual  surface  run-off  by  about 

20  percent  or  0*66  acre-feet  per  square  mile.  The  data  used  are 
the  results  of  infiltration  runs  on  range  land,  since  the  area 
considered  is  all  grazing  land  with  the  exception  of  small,  scattered 
tracts  of  cropland  in  the  upper  portions  of  the  watershed*  The 
area  of  cultivated  land  is  so  small  its  treatment  will  have  virtu- 
ally no  effect  on  total  surface  run-off.  On  the  basis  of  the 
anticipated  change  in  run-off  from  range  land  due  to  vegetative 
improvement,  the  average  annual  yield  above  the  Red  Bluff  project 
will  be  reduced  by  approximately  11,000  acre-feet. 

213»  Changes  in  soil  zone  run-off  and  ground-water  storage. — In  the  area 
below  the  forest  a portion  of  the  additional  water  infiltrated  into 
the  soils  will  seep  to  established  channels  and  discharge  as 
ndelayed  surface  run-off11  or  shallow  ^subsurface  storm  flow. n 1/ 

The  amount  of  water  thus  discharged  will  be  influenced  by  the 
amount  of  rainfall,  surface  slope,  the  nature  and  thickness  of  the 
soil,  and  by  the  physical  characteristics  of  the  underlying 
geologic  material.  The  following  estimate  of  the  portion  of  in- 
creased infiltration  which  may  be  expected  to  discharge  from  the 
soils  developed  upon  the  several  formations  in  the  area  above  Red 
Bluff  Dam  is  based  on  consideration  of  these  factors,  and  on 
results  of  watershed  studies  by  the  Eorest  Service.  2 / 


1 / Hydrology,  Wisler,  C.  0.  and  Brater,  E.  E. , John  Wiley  & Sons, 
1949,  p.  20. 

2/  Annual  Report  of  the  Southwestern  Eorest  and  Range  Experiment 
Station,  1946,  p.  11. 
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Percent  of 
Increased 
Infiltration 
Discharged 

Geologic 
formation 
and  Age 

Principal  Constituents  a.nd 
Physical  Characteristics  of 
formation 

0 to  5 

Alluvium,  Quaternary 

Silt,  sand,  gravel,  unconsolidated 
permeable. 

5 to  10 

Ogallala,  Tertiary 

Alluvium,  partially  consolidated, 
ranges  from  somewhat  permeable  to 
permeable. 

30  to  ^0 

Pierre,  ITiobrara, 
and  Dakota, 
Cretaceous 

Shale,  limey  shale,  limestone, 
sandstone,  consolidated,  bedded, 
relatively  impermeable. 

30 

Dockum  group, 
Iriassic 

Ped  shale,  red  to  buff  sandstone, 
consolidated,  bedded,  relatively 
impermeable. 

10  to  15 

Pastier  and  Castile 
formations,  Carbon- 
iferous. 

Limestone,  gypsum,  interbedded 
shale,  consolidated,  bedded, 
jointed,  ranges  from  somewhat 
permeable  to  very  permeable* 

10  to  £5 

Chupadora  and  Abo 
formations,  Carbon- 
iferous 

Limestone,  red  shale,  red  sand- 
stone consolidated,  bedded, 
jointed,  ranges  from  somewhat 
permeable  to  very  permeable. 

25 

Magdalena  group, 
Curb  onif  erous 

Limestone,  gray  and  red  shale, 
sandstone,  consolidated,  bedded, 
jointed,  ranges  from  impermeable 
to  permeable. 

85 

Igneous  and  meta- 
morphic  rocks,  un- 
diff ercnt iated 

Granite,  impermeable  except  in 
fractured  zones. 
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Planning  Board  Joint  Invest igation,  the  results  of  which  were 
published  in  1942*  As  a water  conservation  compensatory  measure, 
the  report  provides  for  the  eradication  of  14,000  acres  of  non— 
beneficial  vegetation  and  certain  accompanying  land-use  adjust- 
ments that  will  aid  in  maintaining  the  area  free  of  nonbenef icial 
vegetation  (par*  192)*  These  land-use  adjustments  involve  putting 
part  of  the  area  into  desirable  trees  and  shrubbery  for  wildlife 
as  well  as  planting  adaptable  and  desirable  grasses  for  pasturage* 
With  the  eradication,  control,  and  land-use  adjustment,  it  is 
estimated  that-  the  consumptive  use  of  this  l4, 000— acre-  area  can 
be  reduced  by  about  lp-  acre-feet  per  acre  per  year,  thereby 
releasing  an  estimated  21,000  acre-feet  of  water  for  beneficial 
use*  The  Bureau  of  Reclamation  has  prepared  preliminary  plans  for 
by— passing  a portion  of  the  river  flow  around  this  delta  area  for 
$ater  conservation  purposes*  The  estimate  of  l~r  acre— feet  per 
acre  saving,  however,  was  made  in  consultation  with  the  Bureau, 
and  there  is  no  conflict  or  duplication  in  estimated  water  conser- 
vation benefits* 

218*  Effects  of  program  on  sediment  production, — Corrective  measures 

could  do  much  to  reduce  or  even  stop  sediment  production*  Protec- 
tion of  reservoir  storage  capacity,  reducing  erosion  of  range  and 
cultivated  lands,  reduction  of  bank  cutting,  and  halting  of  gully 
growth  are  all  effectively  done  by  proposed  measures*  Measures 
will  necessarily  vary  in  their  effectiveness  in  controlling  sedi- 
ment* To  control  completely  all  types  and  sources  of  sediment 
contributed  to  the  Pecos  River  would  cost  far  more  than  could  be 
justified*  It  is  estimated  that  the  land  treatment  and  structural 
measures  will  reduce  the  erosion  by  the  amount  shown  below* 

Bank  erosion,  channel  incision  25  percent  of  present  rate 

Large  open  gullies  50  percent  of  present  rate 

Sheet,  rill,  and  small  gully  45  percent  of  present  rate 

This  would  cause  a reduction  of  gross  movement  of  sediment  of  about 
43  percent  (table  l4) * At  the  prevailing  high  rates  of  sediment 
production,  this  is  a large  reduction  in  terms  of  volume. 

219*  The  percentage  of  sediment  eroded  and  which  enters  channels  of  all 
types  to  become  stream  load  is  about  91  percent  of  the  total 
(table  14) . This  is  roughly  the  equivalent  of  16,010  acre— feet 
per  year.  The  difference,  about  1,521  acre— feet,  represents 
deposits  in  fans,  splays,  plugs,  colluvial  basins,  and  other  unclas- 
sified places  of  deposition* 
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220* 


221. 


Table  14  - EFFECT  OF  PROG-HAM  Oil  SEDIMENT  PRODUCTION  1 / 
Pecos  River  Watershed 


Type  of  ‘ 
Erosion 

Percentage 

Total 

Sediment 

Sediment 

Volume 

Present 

Reduction 
w/program 
(rounded  figur 

Reduction 

es) 

Future  Rate 
w/  program 

percent 

ac.  ft. 

percent 

ac,  ft. 

ac,  ft. 

Sheet , 
rill 

5^.4 

10,234  2/ 

45 

4,564 

5,670 

Gullies, 

large 

26.4 

4,600 

50 

2,300 

2,300 

Bank  cut, 
channel 

15.2 

2, 697 

25 

674 

2,023 

Total 

100*0 

17,531 

7, 53S 

9,993 

1/  Entire  contributing  basin. 

2/  Consists  of  S,713  acre-feet  entering  channels  and  1,521  acre— feet 
of  colluvium,  wind  eroded  sediment,  etc,,  not  reaching  channels. 

Effects  of 

program  in 

. reducing 

sedimentation 

in  the  larger 

reservoirs.— 

The  three  largest  reservoirs,  Red  Bluff,  Alamogordo,  and  McMillan  have 
original  capacity  losses  at  present  of  5*2,  17 > and  67  percent  respec- 
tively* Red  Bluff  is  the  largest  and  is  least  affected  at  present  by 


sediment  deposition  and  would,  therefore,  receive  the  greatest  benefits. 
Although  Alamogordo  Reservoir  is  appreciably  depleted,  it  is  an  impor- 
tant economic  'unit,  and  any  prolongation  of  its  life  would  be  worth 
while*  McMillan  is  the  oldest  reservoir,  and  although  the  useful'  ~ 
storage  capacity  is  greatly, reduced,  it  still  functions  as  a regulator 
for  irrigation  releases* 

It  is  assumed  that  the  43  percent  reduction  of  sediment  by  a flood 
control  program  for  the  entire  watershed,  as  shown  in  table  14,  will 
also  cause  a corresponding  reduction  of  sediment  in  reservoirs* 

This  can  be  applied  directly  to  Alamogordo  and  Red  Bluff,  but  McMillan 
requires  special  consideration*  The  sediment  is  depositing  largely 
in  an  area  above  spillway  crest  , and  although  it  is  not  depleting 
remaining  reservoir  capacity,  it  supports  a vegetative  growth  which 
causes  large  water  losses.  An  appreciable  part  of  the  sediment  now 
lying  below  present  spillway  crest  wras  deposited  above  crest  before 
the  present  dam  and  spillways  were  raised.  However  this  vegetative 
area,  consisting  mainly  of  salt  cedar,  has  considerable  value  as  a 
sediment  trap  to  prevent  movement  of  sediment  into  Red  Bluff  Reservoir 
and  other  downstream  areas* 
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222*  The  important  effects  of  measures  which  will  reduce  sediment 
production  areJ 

a.  Prolong  life  of  reservoirs# 

b.  Reduce  filling  and  blocking  of  channels* 

c*  Reduce  cost  of  maintenance  to  channels,  ditches, 
and  other  structures. 

d*  Reduce  deposition  in  areas  which  favor  nonbenef icial 
use  of  water# 


Effects  of  Program  on  Forage  and  Crop  Production 

223.  General.— Due  to  the  extent  to  which  the  watershed  has  deteriorated 
by  the  depletion  of  vegetation,  erosion,  and  loss  of  soil  structure, 
forage  production  is  low*  Plant  vigor  has  been  lowered  and  less 
desirable  plants  made  up  much  of  the  present  vegetative  cover#  The 
rehabilitation  of  range  land  by  proper  management,  erosion  control, 
structures,  reseeding,  and  other  measures  recommended  will  improve 
forage  production.  Reseeding  of  denuded  areas  will  speed  up  forage 
production*  The  application  of  conservation  measures  to  dry-farm  and 
irrigated  land  will  increase  crop  production. 

224.  Porage  production.-— The  recommended  program  will  materially  increase 
forage  production  on  range  and  forest  lands  in  the  watershed#  The 
installation  of  structures  which  will  provide  more  favorable  sites 
for  forage  production  and  the  widespread  adoption  of  good  range 
management  practices  will  provide  vast  improvement  in  the  condition 
of  the  range* 

225*  Total  forage  production  was  first  determined  by  relating  clipping 

studies  for  several  range  condition  classes  with  the  various  climatic 
and  plant-soil  conditions.  Climatic  conditions  were  expressed  in 
terms  of  effective  precipitation  which  is  based  upon  such  factors  as 
relative  humidity,  temperature,  and  precipitation  during  the  growing 
season.  On  the  basis  of  the  amount  of  effective  precipitation,  the 
watershed  was  divided  into  iso-climatic  zones*  Porage  production 
curves  were  constructed  for  each  range  condition  class,  i#  e.,  excel- 
lent, good,  fair,  and  poor,  by  plotting  forage  yields  from  clipping 
studies  against  clime. to*  These  curves  were  used  as  a guide  in  esti- 
mating forage  production  in  those  portions  of  the  watershed  and  those 
range  condition  classes  where  clipping  studies  had  not  been  mo.de* 

Prom  these  curves,  forage  production  fo„ctors  were  determined  for 
ee.ch  iso-climatic  zone  o.nd  range  condition  clc.ss  within  each  plo.nt- 
soil  group. 
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Forage  production  based  on  clipping  studies  does  not  show  the  amount 
of  forage  available  for  livestock  use*  Prom  40  to  60  percent  of  the 
forage  produced  should  be  left  unused  to  maintain  vigorous  plants, 
soil  stability,  maximum  infiltration,  and  minimum  evaporation.  An 
additional  10  to  25  percent  is  unavailable  because  it  is  inaccess- 
ible, is  eaten  by  rodents,  destroyed  by  trampling,  or  blown  away* 

Thus  only  about  l/4  to  l/3  of  the  total  forage  produced  is  available 
for  livestock  use. 

227  • Forage  production  under  future  conditions  was  determined  in  the  same 
way  as  for  present  conditions  except  that  it  was  based  upon  the  im- 
provement in  range  condition  classes  that  could  be  expected  to  result 
from  the  application  of  land  treatment  measures. 

228.  The  results  of  studies  showed  that  suitable  land  treatment  measures 
will  increase  forage  production  by  an  estimated  66  percent* 

229#  Poragc  production  can  also  be  expected  to  be  increased  by  the  reseed- 
ing of  18>2,000  acres  of  depleted  range  land  and  seriously  eroded 
farm  land.  The  estimated  annual  production  of  available  forage 
after  stands  arc  established  is  estimated  at  55>000  tons. 

230»  Crop  production*— The  recommended  program  includes  measures  designed 
to  reduce  run-off  and  erosion  on  irrigated  land.  Results  of  a sur- 
vey conducted  in  1945  by  the  Soil  Conservation  Service  show  that  the 
application  of  measures  herein  recommended  and  a high  level  of  man- 
agement increased  crop  yields  by  15  percent*  Yields  on  dry-farm  land 
were  reported  to  be  increased  by  25  percent. 

BENEFITS  OP  THR  RRCOIRIRIIRlSD  PROGRAM 

231.  Monetary  benefits.— The  following  types  of  monetary  benefits 
resulting  from  the  application  of  the  recommended  program  are 
evaluated: 

a.  Reduction  of  floodwatcr  damages  e.s  a.  result  of 
decreasing  the  area  and  frequency  of  flood  over- 
flows. 

b.  Reduction  of  stream  bank  erosion  of  cropland  by 
stroa.m  bank  protection  structures  and  plantings. 

c.  Reduction  of  sediment  movement  and  reservoir  sedi- 
mentation. 

• Change  to  higher  land  use. 
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e.  Water  conservation  "benefits  resulting  from  increased 
availability  of  water  for  beneficial  use. 

f.  Conservation  benefits  resulting  from  increased  farm 
and  ranch  income  from  widespread  application  of 
conservation  practices  on  watershed  lands, 

232.  Basis  for  determining  floodwater  reduction  benefits.* — The  benefits 

of  the  combined  ”going”  and  recommended  program  are  the  difference 
in  the  average  annual  floodwater  damage  under  present  conditions 
and  the  damages  under  future  conditions  when  these  programs  are 
operative.  Some  of  the  benefits  will  result  from  measures  carried 
out  under  ”going  programs.”  Accordingly,  credit  has  been  given  to 
these  portions  of  programs  of  Federal  agencies  which  are  related  to 
the  objectives  of  the  Flood  Control  Act.  To  simplify  calculations, 
benefits  attributable  to  measures  which  will  be  carried  out  under 
ngoing  programs”  were  determined  on  the  basis  of  their  proportion 
of  the  total  cost  of  similar  measures  in  the  combined  ngoing”  and 
recommended  programs.  The  benefits  described  in  the  following 
paragraphs  and  listed  in  tables  15  and  l6  are  those  which  are 
attributable  to  the  program  herein  recommended.  They  make  up  65.4 
percent  of  the  total  benefits  expected  to  accrue  from  the  combined 
”going”  and  recommended  programs. 

233*  Calculation  of  floodwater  damage  reduction  benefits. — Floodwater 

reduction  benefits  are  equal  to  the  difference  between  the  average 
annual  floodwater  damages  occurring  under  present  conditions  and 
damages  expected  to  occur  under  future  conditions  of  reduced  flood 
peaks.  Estimates  of  future  floodwater  damages  were  calculated  by 
applying  the  peak  discharge  damage  relationships  previously  devel- 
oped to  the  future  flood  frequency  series, 

234.  The  method  used  is  illustrated  by  the  following  tabulation  for  the 
reach  of  the  Pecos  Fiver  from  Alamogordo  Bam  downstream  to  the 
bridge  crossing  U.  S*  Highway  38O  east  of  Roswell, 


PERCENT 

OF  YEARS  P5AK  FLO¥  IS 
SQUALLED  OR  EXCEEDED 

PHSSENT  CONDITIONS 

FUTURE  CONDITIONS 
WITH  PROG-RAl 

reak 

Discharge 

Calculated 

Iamago 

Peak 

Discharge 

Calculated 

Damage 

cf  s 

£ 

cf  s 

$ 

20 

IS, 000 

32,000 

12,700 

0 

10 

27,000 

17s ,000 

19,200 

51,400 

4 

41,000 

403,000 

28 , 500 

202,000 

2 

52,000 

50s, 000 

37,200 

341,000 

11 

64,000 

775,000 

44,200 

455,000 

;> 
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Table  15  - A1R1UAL  5L00DUATBR  REDUCTION  BSUEBITS 
Pecos  River  Watershed 


Item 


Annual 

damage 

present 

conditions 


Annual 
damage 
w/  program 


Annual 

■benefits 

total 

program  if 


Annual 

benefits 

recommended 

program 


PSCOS  RIVER 


Above  Alamogordo 


Reservoir 

$ 92,  SCO 

$ 35,200 

$.  57,600 

$'  48,200 

Alamogordo  to 

Roswell 

64,200 

19,100 

45,100 

35,900 

Roswell  to  Lake 

McMillan 

157,500 

72,700 

S4,S00 

68,600 

McMillan  to  Red 

Bluff 

5,200 

3,200 

2,000 

1,300 

Red  Bluff  to 

Girvin,  Texas 

53,700 

34,500 

19,200 

13,800 

Total 

$373,  ^0 

$164, 700 

$208 , 700 

$167,800 

TRIBUTARIES 

Rio  Hondo 

$ S3, SCO 

$ 10,800 

$ 73,000 

$-67,000 

Rio  Relix 

11,500 

6,1400 

5,100 

3,300 

Rio  Penas co 

18,100 

7,000 

11,100 

7,300 

Toy ah  Creek 

and  vicinity 

32,600 

15,500 

17,100 

13,500 

Other  tributaries 

35,800 

18,200 

17,600 

11,600 

Total 

$181,800 

$ 57,900 

$123,900 

$102,700 

Total  floodwater 

$270,500  zl 

reduction  benefits 

$555,200 

$222, 600 

$332,600 

if  Total  program  consists  of  the  combination  of  going  programs  and  the 
recommended  program, 

2/  Bloodwater  reduction  benefits  on  the  Rio  Hondo  below  Hondo  Reservoir 
and  on  Park  Canyon  are  not  evaluated. 
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Floods  of  16,000  cfs  or  less  in  this  reach  are  considered  to  "be 
nondamaging*  Hence,  no  damage  is  shown  for  floods  of  this  magni- 
tude. The  reduction  of  flood  peaks  and  frequency  of  damaging 
floods  will  reduce  the  average  annual  floodwater  inundation  damage 
from  an  estimated  $45,700  to  $19,100.  The  average  annual  flood- 
water  reduction  benefit  is  $2b,600,  This  reduction  in  damages  is 
attributable  both  to  the  tfgoing,f  program  and  recommended  program. 

On  the  basis  outlined  in  paragraph  232,  the  recommended  program 
is  credited  with  65»4  percent  or  $17,400.  This  does  not  include 
benefits  due  to  a reduction  in  the  rate  of  stream  bank  erosion. 

For  purposes  of  this  analysis  it  is  not  assumed  that  reduction 
in  flood  peaks  alone  will  have  a significant  effect  on  the  rate 
of  stream  bank  erosion.  To  solve  the  stream  bank  erosion  problem 
in  this  reach  of  the  river,  protection  measures  are  recommended. 

It  is  estimated  that  the  benefits  of  the  proposed  work  will  be 
$12,500  annually.  The  total  floodwater  reduction  benefits  attrib- 
utable to  recommended  measures  in  this  reach  of  the  river  are 
estimated  at  $35,900  annually  (table  15) • 

235*  In.  the  Alamogordo  to  Roswell  reach  of  the  river  no  flood  control 

structures  are  plannod  to  reduce  the  area  or  frequency  of  flooding. 

In  other  areas  where  major  flood  control  measures  are  feasible, 
floodwater  reduction  benefits  wore  determined  by  routing  the 
reduced  flood  peeks  through  the  structures  (detention  dams,  flood 
channels,  etc.)  and  the  residual  damages  calculated  from  the  reduced 
flood  peaks. 

236.  Stream  bank  protection  is  considered  necessary  to  reduce  the  rate 
of  stream  bank  erosion.  Furthermore,  in  those  areas  where  such 
measures  are  feasible,  it  is  considered  that  stream  bank  erosion 
would  be  halted.  Where  stream  bank  protection  measures  were 
determined  to  be  infeasible,  no  reduction  in  the  rate  of  stream 
bank  erosion  is  evaluated. 

237*  The  reduction  of  floodwater  damages  is  shown  in  table  15.  Because 

of  greater  flood  peak  reductions  in  the  hea<dwaters  and  on  tributa.rios, 
greater  reductions  in  flood  damages  will  occur  in  these  areas. 

238*  Reservoir  sedimentation  reduction  benefits. — It  is  estimated  that 
the  combination  of  measures  herein  recommended,  plus  the  measures 
applied  during  the  installation  period  under  the  going  programs 
will  reduce  ra.tes  of  reservoir  sedimentation  by  about  43  percent. 

This  will  result  in  less  frequent  replacement  of  reservoirs  and 
smaller  reductions  of  water  supplies  arising  from  capacity  deple- 
tion. The  monetary  benefits  of  these  changes  wore  computed  on 
the  same  basis  as  was  the  sediment  damage  to  irrigation  roservoirs 
under  present  conditions,  but  using  the  expected  future  rate  of 
sedimentation.  The  sediment  damage  under  future  sedimontat ion  rates 
was  deducted  from  the  damage  under  present  sedimentation  rat  os  and 
the  difference  credited  as  a benefit. 


■ 

i 


- 79  - 


239*  The  reduction  of  the  sedimentation  rate  of  Alamogordo  Reservoir 
"by  43  percent  will  extend  the  useful  life  of  the  reservoir  by 
only  about  39  percent.  At  the  same  time,  however,  the  reduction 
in  water  supply  due  to  sedimentation  will  he  only  J2  percent  as 
great.  Similar  effects  are  expected  at  other  reservoirs. 

243.  Sedimentation  damages  under  present  conditions  are  estimated  at 
$377 1 200  per  year.  The  benefit  due  to  the  recommended  program 
is  estimated  to  be  about  $89,200  annually. 

241.  Change  to  higher  land  use. — It  can  be  expected  that  the  reduc- 
tion of  the  area  and  frequency  of  flooding  will  result  in  some 
shifts  in  land  use.  Those  shifts  are  not  expected  to  be  largo 
because  the  existing  flood  hazard  in  most  instances  is  not  a 
major  determinant  of  land  use.  However , there  are  some  areas 
where  the  evidence  is  quite  conclusive  that  shifts  to  less  inten- 
sive land  use  have  occurred  primarily  as  a result  of  repeated 
flooding  and  that  removal  or  reduction  of  the  flood  hazard  will 
result  in  shifts  to  higher  land  use.  This  evidence  is  substan- 
tiated by  farmer  opinion.  Most  notable  of  these  areas  lie  along 
the  Rio  Bonito  where  522  a.crcs  of  irrigated  land  are  now  idle  or 
cultivated  intermittently  because  it  is  impractical  to  insta.ll 
adequate  irrigation  structures  that  would  be  subject  to  frequent 
washouts  under  present  conditions. 

242.  The  reduction  of  the  flood  hazard  to  an  area  along  the  Rio  Bonito 
by  constructing  a detention  dam  on  Salado  Creek,  a tributary,  will 
permit  the  redevelopment  and  intensive  use  of  land  for  crop 
production  under  irrigation.  This  area,  is  adapted  to  the  production 
of  fruit  and  some  of  the  land  would  be  planted  to  orchards.  Other 
craps  such  as  alfalfa  and  corn  would  be  grown.  The  estimated 
benefit  of  the  conversion  to  cropland  from  pasture  or  idle  land 

of  522  acres  is  $17,000. 

243.  Vfatcr  conservation  benefits.— An  a.na.lysis  of  the  effect  of  the 
recommended  program  on  water  yields  indicates  a net  gain  in  the 
amount  of  water  available  for  irrigation.  The  watershed  improve- 
ment program  will  reduce  flood  volumes.  This  will  have  no  effect 
on  water  supplies  derived  by  direct  diversion  but  will  affect 
water  supplies  dependent  on  storage  of  floodwatcrs.  Red  Bluff 
Reservoir  is  the  lowest  channel  reservoir  on  the  Pecos.  Conse- 
quently the  reduction  in  flood-  volumes  is  calculated  only  for  the 
watershed  above  Red  Bluff.  The  3almorhea  project  stores  some 
floodwatcr  but  inasmuch  as  this  is  an  off- channel  diversion,  no 
decrea.se  in  diverted  water  is  anticipated.  Recharge  of  underground 
wa.ter  is  expected  to  increa.se  by  prolonged  flood  flows  through  the 
recharge  area..  The  rcmovo.l  of  sa.lt  ccda.r  a.t  the  hca.d  of  Lake 
McMillan  will  release  a.  considera.ble  amount  of  we. ter  for  beneficial 
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use.  The  net  effect  of  the  complete  program  on  water  supply  is 
an  estimated  increase  of  12,000  acre-feet  as  follows  (par.  21 6- 
217) . 


deduction  of  water  supply  "by 
watershed  treatment 


11,000  acre— feet 


Increased  recharge,  underground 
water  and  seepage 


2,000  acre-feet 


Uet  effect  of  watershed  program 
(decrease) 


9,000  acre-feet 


Salt  cedar  control  (increase) 


21,000  acre-feet 


ITet  effect  of  entire  program 
(increase) 


12,000  acre— feet 


244.  It  is  expected  that  the  additional  water  will  have  a stabilizing 
effect  on  water  supplies  for  areas  now  irrigated.  Development 
of  additional  land  would  not  he  wise  at  this  time*  The  benefit 
derived  from  increasing  the  water  supply  is  evaluated  on  the  basis 
of  the  resulting  increased  crop  production.  The  net  benefit  of 
salvaging  12,000  acre-feet  of  water  for  beneficial  use  is  esti- 
mated to  be  $189,000  annually,  using  the  value  of  water  shown  in 
paragraph  165* 

245.  Sangc  and  forest  conservation  benefits. — Conservation  use  of 
forage  and  timber  resources  is  essential  to  the  improvement  in 
vegetative  cover  which  must  be  attained  to  accomplish  the  esti- 
mated floodwater  and  sediment  reduction  benefits.  Under  proper 
range  management,  vegetation  will  improve  in  vigor,  density  and 
composition.  These  improvements  in  vegetative  condition  will  aid 
in  holding  the  soil  in  place  and  increase  the  amount  of  precip- 
itation absorbed  by  the  soil.  The  installation  of  stabilizing 
structures  will  permit  the  rehabilitation  of  gullied  areas  so 
that  they  will  become  productive.  Suitable  grazing  practices  arc 
necessary  for  the  effective  operation  of  terraces  and  diversions 
while  vegetation  is  becoming  established  in  the  treated  areas. 
Bange  conservation  benefits  accrue  from  the  additional  forage 
which  will  be  available  for  livestock  grazing  as  a result  of  the 
application  of  land  treatment  measures.  All  of  the  forage  in- 
crease is  not  available  for  livestock  use.  The  percentage  that 
can  be  grazed  safely  is  discussed  in  paragraph  226. 

246.  It  is  estimated  that  the  improvement  of  vegetative  cover  will 
increase  the  amount  of  available  forage  on  about  10  million  acres 
of  grazing  land  by  about  417,000  tons.  By  reseeding  about  182,000 
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acres  of  abandoned  crop  land  and  depleted  range  land,  an  addi- 
tional 55,000  tons  of  forage  will  "be  produced*  The  total  increase 
in  forage  production  is  estimated  at  472,000  tons  annually.  This 
improvement  in  forage  production  presupposes  a level  of  manage- 
ment and  degree  of  grazing  use  necessary  to  attain  program  objec- 
tives* It  is  estimated  that  one  ten  of  forage  will  produce  about 
72  pounds  of  beef  (or  its  equivalent  in  mutton  or  wool). At  1942 
prices,  the  gross  value  of  one  ton  of  forage  in  beef  equivalent 
is  estimated  at  $15*74*  Por  comparative  purposes,  the  price  of 
baled  alfalfa  hay  in  1942  in  ITow  Mexico  varied  between  $25  and 
$31*50  P°r  ton*  Production  expenses  such  as  labor,  taxes,  interest, 
improvements,  management,  and  miscellaneous  expense  arc  estimated 
at  $7*22  per  ton  of  forage  harvested.  The  net  return  to  land  is 
estimated  at  $2*52  per  ton  of  forage  harvested* 

247*  The  application  of  additional  fire  control  measures  is  expected 

to  reduce  the  incidence  and  extent  of  burns  in  forested  and  grazing 
areas.  This  xd.ll  result  in  the  saving  of  timber,  grass,  and  other 
watershed  resources*  Deterioration  of  the  watershed  will  be  reduced. 
More  intensive  fire  control  xdll  reduce  the  cost  of  fire  suppression. 
Piros  xdll  be  dot cc tod  sooner  and  fire  fighting  personnel  and 
equipment  xdll  get  to  the  site  quicker  because  of  greater  mobility* 
Greater  emphasis  will  be  given  to  fire  prevention  work  as  a means 
of  reducing  losses*  Data  pertaining  to  damage  to  forest  resources, 
watershed  values,  and  costs  of  firo  suppression  are  available  for 
the  area  within  national  forests.  This  information  was  used  to 
estimate  the  benefits  of  the  fire  control  program* 

248.  E10  area  of  timber  burned  annually  in  the  vntershed  is  estimated 

at  1,200  acres.  The  damage  to  timber  resoxircos  averages  about 
$16.15  per  acre,  resulting  in  a loss  of  $19,400  each  year*  It  is 
estimated  that  losses  due  to  large  fires  can  be  reduced  by  75 
percent,  and  losses  due  to  small  fires  can  bo  reduced  by  10  percent* 
The  reduction  in  area  bxirned  will  also  protect  some  x^tershed 
values  by  preventing  deterioration  xdiich  results  when  forest  cover 
is  destroyed*  The  watershed  values  of  the  timbered  portion  of 
areas  is  est mated  at  $25  per  aero* 

249*  The  total  conservation  benefits  of  the  recommended  program  which 
will  accrue  to  range  and  forest  land  is  estimated  at  $4,057*500 

250*  Conservation  benefits  on  dry-farm  land. — The  measures  recommended 
herein  will  materially  increase  crop  yields  on  nonirrigated  land. 

It  is  estimated  that  conservation  measures  proposed  for  56,000 
acres  of  dry  land  will  increase  yields  by  an  average  of  25  percent. 
The  increase  in  net  value  of  crops  is  estimated  to  bo  $3*25  por 
acre.  The  banefits  attributable  to  measures  herein  recommended 
are  estimated  at  $182,000. 
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251.  Conservation  “benefits  on  irrigated  farm  land. — Crop  production  on 
irrigated  land  will  "be  increased  "by  the  use  of  suitable  conserva- 
tion measures*.  The  measures  specifically  recommended  herein  for 
treatment  of  50,000  acres  of  irrigated  lands  which  are  contributing 
floodwater  and  sediment  will  increase  yields  from  those  lands  by 

15  percent.  The  additional  income  is  estimated  at  $15.00  per  acre. 

252.  It  is  believed  that  the  installation  of  recommended  measures  will 
effect  a saving  in  farm  labor  costs  which  will  more  than  offset 
higher  harvesting  cost  due  to  greater  yields.  The  net  annual 
conservation  benefit  attributable  to  the  installation  of  the  recom- 
mended program  on  irrigated  land  is  estimated  at  $75^,000. 

253.  Total  monetary  benefits  for  the  watershed,— The  installation  of 

the  recommended  program  in  the  interest  of  flood  control  will  ulti- 
mately result  in  benefits  estimated  at  $5»555»200  annually  (table  l6) « 


Table  16  - TOTAL  A1MJAL  MONETARY  3EH3FITS 


Pecos  River  Watershed 


SLOOP  AID  SELIMEMT  3SH3FITS 

Elood  reduction 
Sediment  reduction 

$ 270,500 
89,200 

Subtotal 

359,700 

OTHER  BELIEEITS 

Ghange  in  land  use 

Water  conservation 

Range  and  forest  conservation 

Dry- farm  land 

Irrigated  farm  land 

17,000 

189,000 

4,057,500 

182,000 

750,000 

Subtotal 

5,195,500 

TOTAL  - All  Monetary  Benefits 

$5,555,200  i i 

1/  Based  on  1942  prices. 
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NON-MONETARY  BEFITS 


25^-*  In  addition  to  the  monetary  Benefits  which  have  Been  evaluated, 

the  proposed  remedial  program  will  provide  numerous  other  Benefits, 
These  Benefits  include  reductions  in  the  degree  or  amount  of 
damages  listed  in  paragraph  171.  Important  Benefits  in  this  class 
are:  prevention  of  loss  of  life,  relief  from  worry  and  discomfort, 

prevention  of  interruption  in  transportation  and  communication. 
Representatives  of  the  Eish  and  Wildlife  Service  consulted  during 
preparation  of  this  report  have  informally  advised  that  the  pro- 
gram as  outlined  would  result  in  substantial  Benefits,  particularly 
to  upland  game*  This  is  especially  true  if  the  state  agencies 
concerned  and  the  Eish  and  Wildlife  Service  assist  in  the  planning 
and  application  of  land  treatment  measures* 


COST-BENEFIT  ANALYSIS 

255.  Price  and  cost  levels* — -Converting  prices  and  costs  to  those 

expected  to  prcva.il  -under  an  intermediate  level  of  employment,  the 
index  of  prices  and  costs  shown  in  table  17  were  used. 


Table  17  - INDEX  OE  PRICES  AND  COSTS 


Pecos  River  Watershed 


Item 

194S 

Index 

Avg. 

Index 

Adj.  Factor 
194s  to  Avg. 

Index  of  prices  roc’d  by  farmers 
USm  index  (1910  - 1914;  = 100) 

287 

150 

.523 

Index  of  prices  paid  by  farmers 
USDA  index  (1910  - 1914  - 100) 

249 

165 

.663 

Index  of  construction  costs 
earthwork  - ICC  index 
(1910  - 1914  « 100) 

159 

122 

.767 

Index  of  other  construction  costs 
Engineering  News  Record  index 

(1913  S 100) 

t 

46i 

325 

.705 

* 
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256*  In  terms  of  past  prices  and  costs  these  average  indexes  are  about 
the  same  as  the  1943-44  average  of  prices  received  by  farmers, 
1942-46  prices  paid  by  farmers,  and  1943-47  construction  costs* 

257.  Analysis  of  program  by  types  of  measures, — In  addition  to  deter- 
mining the  feasibility  of  the  entire  program  under  average  price 
and  cost  levels,  the  benefit-cost  analysis  includes  tests  of 
feasibility  of  the  following  groups  of  measures: 

1.  Interdependent  land  treatment  measures. 

2.  Independent  additional  flood  control  measures, 
which  include: 

a.  Channel  improvement. 

b®  Stream  bank  protection. 

c.  Flooduay  systems. 

d.  Cap it an  detention  dam. 

3.  Water  conservation  measures  which  include  salt  ccda.r 
control  for  the  purpose  of  offsetting  the  expected 
reduction  in  run-off  for  watershed  land. 

25S.  Distribution  of  program  benefits. — The  benefits  of  the  various 
types  of  recommended  measures  are  shown  in  table  IS* 


If 
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Table  IS  - AVERAGE  ANNUAL  BENEFITS  OF  THE  RECOiHSIEED  PROGRAM 

Pecos  River  Watershed 


(Normal  Prices) 


Flood- 

water 

reduc- 

tion 

Sedi-  i / 
ment 
reduc- 
tion 

Water 

con- 

serva- 

tion 

Other 

con- 

serva- 

tion 

Change 

in 

land 

use 

Total 

bene- 

fits 

IHT3S3IP2JI)52IT  LAI® 
TB3A.Ti.aiT  KSA.SUBES 

$ 

74,600 

$ 

50,S00 

$ 

$ 

2,132,000 

$ 

$ 

2,257,400 

AEDITIOHAL  MEA.SUKES 
JES03D  POE  ELOOD 
CONTROL 

• 

Stream  bank 
protection 

43,900 

1,500 

- 

— 

— 

45,400 

Channel 

improvement 

10,100 

- 

- 

10,100 

Floodway 

systems 

17,300 

— 

- 

— 

- 

17,300 

Oapitan 
detention  dam 

10,300 

i,4oo 

7,200 

19,400 

Subtotal 

32,600 

2,900 

- 

- 

7,200 

92,700 

WATER  CONSERVATION 
MEASURES 

- 

— 

si,  600 

- 

- 

31,600 

TOTAL  - All  Measures 

157,200 

53,700 

SI, 600 

2,132,000 

7,200 

2,431,700 

1/  Benefit  of  reducing  sedimentation  of  reservoirs* 
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259.  Distribution  of  costs, — On  the  "basis  of  average  costs,  the 

installation  of  the  recommended  program  will  cost  $16,021,000, 
or  about  20  percent  less  than  the  1948  costs.  The  distribution 
of  these  costs,  together  with  their  annual  equivalent  value,  is 
shown  in  table  19. 


Table  19  - COST  OF  THE  RECOMMENDED  PROGRAM 


Pecos  River  Watershed 


MEASURE 

INSTALLATION 

ANNUAL  COST 

Operation  & 
maintenance 

Installation 

Total 

INTERDEPENDENT  LAND 
TREATMENT  MEASURES 

$13,757,400 

$138,400 

$397,300 

$535,700 

ADDITIONAL  MEASURES 
NEEDED  FOR  FLOOD 
CONTROL 

Stream  bank 
protection 

767,200 

21,500 

20,500 

42,000 

Channel  improvement 

132,700 

3,200 

3,600 

6,800 

Floodway  systems 

249,300 

3,700 

6,600 

10,300 

Capitan 
detention  dam 

309,100 

1,700 

3,100 

9.S00 

Subtotal 

1,453,300 

30,100 

38,300 

63,900 

WATER  CONSERVATION 
MEASURES 

Salt  cedar  eradication 

805,300 

26,300 

21,100 

47,900 

TOTAL  — All  Measures  $16,021,000 


245,300 


457,200 


702,500 


2o0.  Land  treatment  measures  account  for  about  83  percent  of  the  total 
cost,  whereas  the  cost  of  measures  needed  primarily  for  flood 
control  amount  to  10  percent  and  water  conservation  measures  7 
percent. 

26l.  Comparison  of  benefits  and  costs. — All  measures  or  groups  of 
measures  in  the  recommended  program  have  a benefit-cost  ratio 
in  excess  of  1 to  1 (table  20) . The  benefit-cost  ratio  for  the 
entire  program  is  estimated  at  3*5  to  1.  The  ratios  vary  from  a 
low  of  1.1  to  1 for  stream  bank  protection  to  a high  of  3*9  to  1 
for  land  treatment  measures. 


Table  20  - COMPARISON  OP  BENEFITS  AND  COSTS 
Pecos  River  Watershed 


Measure 

Avore-ge 
Annua- 1 Benefit 

Average 
Annual  Cost 

Benefit- 
Cost  Ratio 

INTERDEPENDENT  LAND 
TREATMENT  MEASURES 

$2, 257.  ^0 

$585,700 

3.9 

: 1 

ADDITIONAL  MEASURES 
NEEDED  FOR  FLOOD 
CONTROL 

Stream  bank 
protection 

45,400 

42,000 

1.1 

: 1 

Channel  improvement 

10,100 

6,800 

1.5 

: 1 

Floodway  systems 

17,800 

10,300 

l.T 

: 1 

Capitan  detention  dam 

19,400 

9,800 

2.0 

: 1 

Subtotal 

92,700 

63,900 

1.3 

: 1 

WATER  CONSERVATION 
MEASURES 

Salt  cedar  control 

si, 600 

47,900 

1.7 

: 1 

TOTAL  - All  measures 


$2,431,700 


$702,500 


3.5  : 1 
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